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LETTER OF TRANSMITTAL 


To His Excellency, William H. Adams, Governor of Colorado: 

In accordance with the law of Congress establishing Agricul- 
tural Experiment Stations, I have the honor to transmit the Forty- 
second Annual Report of the Colorado Agricultural Experiment Sta- 
tion for the state fiscal year, December 1, 1928 to November 30, 1929, 
and the financial statement for the federal fiscal year, July 1, 1928 
to June 30, 1929. 


The report contains brief summaries of the work done by those 
in charge of the different sections of the Experiment Station, as well 
as a full lst of projects upon which work has been done during the 
year. 


C. P. GILLETTE, Director 


Agricultural Experiment Station 
Fort Collins, Colorado 
December 1, 1929 


AGRICULTURAL DIVISION 
Report of the Director 


To the President: 


I am presenting the forty-second annual report of the Colorado 
Agricultural Experiment Station which covers the investigational 
work carried during the 12 months just closing, and gives the finan- 
cial statement covering the federal fiscal year from July 1, 1928 to 
June 30, 1929. 


The departments in which work is being carried have not changed 
since 1 year ago. The number of projects has increased from 71 to 80. 
The number of workers is practically the same. A few new projects 
have been undertaken and a few old ones have been completed. There 
have been a number of resignations of good workers to take positions 
in other institutions at higher salaries. In some eases this has inter- 
fered rather seriously in the investigational work carried here. The 
institution has reached its maximum income until some additional 
federal or state appropriations are made for the extension of its work 
which really is very much needed. During the past year there has 
been some extension of the work at Akron, at Rocky Ford and at 
Avon. Increased budgets are much needed for work at Cheyenne 
Wells, Fort Lewis and at the home station, but no extension of work 
can be undertaken without reducing the work in some of the investi- 
gations that are already in progress. 


As in the past, I am glad to report that, on the whole, a very 
good spirit of cooperation exists among the workers in the different 
sections of the station, and considerable cooperative work is being 
carried with bureaus of the U. S. Department of Agriculture. I feel 
that there is a need of a fuller correlation of the station work with 
the work of the extension division and shall work to this end in the 
immediate future. 


At the recent meeting of the Association of Land Grant Colleges 
and Universities, there was expressed a rather strong general senti- 
ment to the effect that investigational work in the immediate future 
should be stressed along the lines of economic and quality production 
and in fundamental researches which will lay the basis for the build- 
ing of a stable agriculture in the country. Fortunately we have been 
directing our attention strongly along these lines for some years, and 
shall continue to do so for some time to come. 


It becomes more and more evident as the years go by that it is 
the quality rather than the quantity of a farm product that deter- 
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mines whether or not it will bring a net return to the producer. In all 
sections of the station a special effort should be made to direct the 
investigations to economic production rather than quality production. 
Researches that will give information upon which to base more eco- 
nomic marketing of crops are also needed. 

The station has spent considerable money in permanent improve- 
ments at Rocky Ford, Avon and Austin during the year. 

The station has published 17 bulletins and 4 press bulletins dur- 
ing the year, and station workers have furnished manuscripts for a 
number of extension bulletins and scientific articles published in 
technical journals of the country. 


I am giving below the projects upon which work has been car- 
ried during the past year. 


AGRICULTURAL DIVISION 
Agronomy Sectign 


Relation of Soil Moisture, Structural Development and Acre Yields 
in Small Grains. Adams and State funds. 

Correlation of Characters in Grains. Hatch and State funds. 

High-altitude Crops. State funds. 

Plains Crops and Management. State funds. 

Improved Seed. State funds. 

Control of Excessive Soil Nitrates in the Arkansas Valley. Purnell 
and State funds. (Co-op. with Bacteriology ) 

Studies in the Control of Bacterial Wilt and Winter-killing. Purnell 
and State funds. (Co-op. with Bacteriology) 


Animal Investigations Section 


Ration Experiments with Cattle. State funds. 

Summer Cattle-fattening Experiments. State funds. 

Range and Pasture Improvement. State funds. (Co-op. with 
Botany). 

Ration Experiments with Lambs. State funds. 

Cornfield Lamb-feeding Experiment. State funds. 

Summer-fallow Experiment at Akron, Colo. State funds. 

Winter Maintenance of Breeding Ewes. State funds. 

Poultry Experiments. State funds. 

Beet By-products for Fattening Beef Calves. Purnell fund. 

Comparative Value of Different Kinds of Molasses in Lamb-fatten- 
ing Rations. Purnell and State funds. 

Hog Feeding in the San Luis Valley. State funds. 

Utilization of Dryland Feeds. State funds. 
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Bacteriology Section 


Heat-resisting Bacteria in Fresh and Canned Vegetables. Adams 
fund. 

Value of Certain Carbon Compounds as Sources of Energy for Azoto- 
bacter. Adams fund. 

Natural Innoculation of Colorado Soils with Legume Bacteria. Hatch 
and State funds. 

Winogradsky Method of Testing Soil Deficiencies. Purnell fund. 

Control of Excessive Soil Nitrates in the Arkansas Valley. Purnell 
and State funds. (Co-op. with Agronomy). 

Studies in the Control of Bacterial Wilt and Winter-killing. Purnell 
and State funds. (Co-op. with Agronomy). 


Botany Section 


Range and Pasture Improvement. Purnell and State funds. (Co-op. 
with An. Inv.) 

Cereal and Field-crop Disease Studies. Hatch and State funds. 

Truck-crop Disease Studies. Hatch and State funds. 

Identification of Species of Beta and Brassica. Purnell fund. 

Weed Control. State funds. 


Chemistry Section 


Deterioration of Hays Resulting from Rain. Adams, Hatzh and 
State funds. 


Entemology Section 


Plant-louse Investigations. Adams fund. 

Ants in Relation to Plant Lice. Hatch and State funds. 

Codling-moth Studies. Hatch and State funds. 

Codling-moth Control by Means of an Egg Parasite. Purnell and 
State funds. 

Grasshopper Control. State funds. 

Potato Flea-Beetle. State funds. 

General Insect Investigations. State funds. 

Rodent Poisoning. State funds. 

Rodent Life Habits. State funds. 

Colorado Insect Fauna. State funds. 

Resistance of Bees to American Foul-brood. State funds. 


Economics and Sociology Section 


An Economic Study of the Peach Industry in Colorado. Purnell 
fund. In co-operation with U. 8. Dept. of Agriculture. 

An Economie Study of Farm Organization and Management in the 
Greeley Area in Northeastern Colorado. Purnell fund. 
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A Study of Costs and Methods of Producing Cattle and Sheep on the 
Range in Colorado. Purnell fund. In cooperation with U. S. 
Dept. of Agriculture. 

A Study of the Social Status of the Spanish-speaking People in Rural 
Colorado. Purnell fund. 

A Study of Taxation in Colorado. Purnell fund. In cooperation 
with U. 8S. Dept. of Agriculture. 

A Study of the Methods of Storage and Marketing Practices which 
obtain in handling Potatoes on Farms in the San Luis Valley. 
State funds. In cooperation with Colorado Division of Markets. 

An Economie Study of the Apple Industry of Colorado. Purnell 
fund. In co-operation with U. 8. Dept. of Agriculture. 

An Eeonomie Study of Land Utilization in Northwestern Colorado. 
Purnell fund. In cooperation with U. 8. Dept. of Agriculture. 

A Study of the Major Types of Cooperative Organizations of Asso- 
ciations in Colorado. Purnell fund. In cooperation with U. 8. 
Dept. of Agriculture. 


Home Economics Section 


The Baking of Flour Mixtures at High Altitudes. Part II. Purnell 
fund. 


Horticultural Section 


Potato Varieties. State funds. 

Garden-pea Variety and Breeding. State funds. 

Onion Projects. State funds. 

Development of a Tipburn-resistent Variety of Head Lettuce. Pur- 
nell fund. 

High-altitude Vegetable Production. State funds. 

Garden Pod Bean Project. State funds. 

Orchard Management. State funds. 

Small Fruits. State funds. 

Certified Seed Potatoes. State funds. 


Irrigation Investigations 


Measurement of Water. Hatch and State funds. 
Evaporation. Hatch and State funds. 
(a) From a Free Water Surface. 
(b) From Moist Soils. 
Meteorolovy. State funds. 
Tumping for Irrigation and Drainage. State funds. 
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Pathology Section 


Sheep Losses in Feedlots. Hateh fund. 

Contagious Abortion. Hatch and State funds. 

Coecidiosis in Cattle. Purnell fund. 

Death Losses in Lambs on Heavy Grain Feed. Purnell and State 
funds. 

Icterohematuria. State funds. 

General Disease Investigations. State funds. 


Veterinary Section 
Animal Diseases. State funds. 
ENGINEERING DIVISION 
Civil Engineering Section 
Road Materials of Colorado. State funds. 
Frost Heaving Investigation on Concrete Slabs. State funds. 


Capping of Concrete Cylinders. State funds. 
Light Asphaltic Road Surfaces. State funds. 


Mechanical Engineering Section 


A Proximate Analysis of Colorado Coals. State funds. 
Gasoline Economy in Automobile Engines. State funds. 
Drying Potatoes for Stock Feed. State funds. 


Following are brief statements from section heads concerning 
the investigational work in the several sections. I hope you will find 
it possible to read these rather carefully as I wish to avoid, in a short 
report like this, calling attention to outstanding results in one or two 
departments and appear to overlook equally good work in others. 

Respectfully submitted, 
C. P. GILLETTE, Director 


AGRONOMY SECTION 


To the Director: 


I am submitting my annual report for the period ending Novem- 
ber 30, 1929. 

The staff of the Agronomy Section has changed somewhat dur- 
ing this period. Roy D. Hockensmith who has both teaching and ex- 
periment station duties, took the place in soils made vacant by the 
resignation of Rudger H. Walker. Mr. Robert Gardner became soil 
chemist at Rocky Ford replacing Justus C. Ward. With the resig- 
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nation on the teaching staff of Clark H. Alford, we have employed 
Warren H. Leonard who will have teaching and experiment station 
duties. The staff as now organized consists of: Alvin Kezer, chief; 
D. W. Robertson, associate, C. Warren Deming, assistant ; Roy D. 
Hockensmith, part-time assistant and Warren H. Leonard, part-time 
assistant located at Fort Collins, J. W. Adams located at Cheyenne 
Wells, Robert Gardner at Rocky Ford and Dwight Koonce at Fort 
Lewis. Thru cooperation of dryland agriculture, J oseph F. Brandon 
functions as an associate at Akron. 


During tie year the work has been on critical-period project. 
improved-seed project, methods of determining fertilizer needs, alf- 
alfa-disease control, residual effects of irrigation water and some 
minor projects’ at Fort Collins. 


Under the improved-seed project, we carried on a series of ex- 
periments in possible pasture crops and crop mixtures. These ex- 
periments have shown adapted species. They have also shown the sur- 
vival of these adapted species in associations. We have harvested the 
forage produced in two ways,—first, as a meadow crop and second, 
by frequent cuttings to simulate animal grazing. This work has now 
gone far enough so that we know species survival and association re- 
lationships—that is, how species survive in the pasture mixtures. The 
better of these mixtures should now be subjected to actual grazing 
so as to find out the effect of tramping and the selective eating by the 
animals. Enough information is at hand to add quite materially to 
our knowledge of species adaptation and species relationships in pas- 
ture mixtures. 


The methods of determining fertility needs are carried on in 
cooperation with the Bacteriology Section. The Neubauer, Wino- 
gradsky and Hofer methods have been tested extensively in the lab- 
oratory. All of these methods are checked by actual fertilizer treat- 
ment in the field. I think we have gone far enough to indicate the 
Hofer method can be discarded as useless in our territory. Both the 
Neubauer and Winogradsky methods appear to give results compar- 
able to actual field tests. We appreciate that 1 year’s work is not 
sufficient but all work this year correlates the laboratory indications 
with actual field results. The economic implications of this project 
are very Important. If it can be shown that a reliable indication 
can be obtained in the laboratory for fertilizer practice, it will obvi- 
ate the necessity of long-time experimental fertilizer application plats 
thruout the state. Up to the present time, long-time experiments 
where the fertilizers are actually tried in the field have been the 
only reliable method of getting the fertilizer needs. While the method 
was reliable, it required a number of year’s work in each case. It 
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also had to be carried out on each considerable soil type or soil ser- 
les. If we can reliably determine the fertilizer needs in the labora- 
tory, this expensive work can be eliminated. 


In one case, the application of phosporus to sugar beets gave a 
300 percent increase in yield. Both the Neubauer and Winogradsky 
tests indicated need for phosporus. On those farms where godd farm 
practices have been carried out and where yields were high, neither 
the Winogradsky or Neubauer tests indicated any need for fertilizer. 
On such places, the fertilizer would not improve the yield. We ap- 
preciate that further and extended tests are necessary, but the pre- 
liminary work of this year indicates a wonderful correlation by the 
laboratory results and field requirements. 


The alfalfa-disease-control project has been attacked from two 
standpoints. First has been the search for alfalfa varieties which 
may be resistant to the disease. These varieties are planted on lands 
known td be infected. Second, we are trying soil treatments which 
lend some hope of building up physiological resistance in the crop 
itself. 


It can be appreciated that a successful solution of the alfalfa- 
disease problem will mean much to our agriculture when we consider 
that in 1928 better than 30 percent of the alfalfa of Larimer County, 
about 40 percent of Weld County and about 25 percent of Boulder 
County was killed out by the alfalfa wilt. It takes time in the solu- 
tion of this problem because the disease seems to require about 3 
years to obtain full development. 


At Akron, we are carrying projects on the rate and date of 
planting small grains and corn, tillage and cultural experiments, 
plains forage crops and variety tests. Work on barley, especially, 
is promising. It indicates that the broad-leafed barleys are not adapt- 
ed to dryland growing. 


Our work has been carried a sufficient number of years so we 
are now ready to recommend dryland barley varieties. Club Mariout, 
Selection Strain from White Smyrna and Flynn are our superior 
dryland barleys. One year with another, barley will produce as much 
feed grain per acre as corn. 


We have been experimenting with forage crops for years. One 
of the so-called forage crops, hog millet or proso, is developing into 4 
feed grain crop. Hog millet has been under experiment at the Akron 
station and somewhat also at Cheyenne Wells station for over 20 
years. Back in 1913-14, a number of farmers in Northeastern Colo- 
rado were induced by us to try feeding hog millet to fatten livestock. 
The suggestion was carried out by one or two farmers who reported 
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excellent success. Similar farmer feeding was conducted in South- 
western Nebraska. In spite of these demonstrations, hog millet did 
not gain much popularity. However, with the definite experimental 
work of the Animal Investigation Section in the last 2 or 3 years, 
the erop has suddenly jumped into popularity as a grain feed erop. 
It is well adapted to practically all of the northeastern sectidn. Its 
water requirements are low and it grows in a short season. 


At Rocky Ford our studies have been continued. We believe that 
we now have sufficient data to justify an extended study and prob- 
ably a number of publications on different phases of the subject. 
If we can make suitable personnel arrangements, we hope to have 
Mr. Gardner come to Fort Collins during the winter and devote all 
of his time to such data studies, 

The work at Fort Lewis is for high-altitude agriculture, and 
consists of variety adaptation work with grains, pasture, meadow and 
forage crops, together with a study of cultural and irrigation prac- 
tices. Data obtained at Fort Lewis for this period consist of one 
publication—our wheat bulletin. Other data are to appear in forth- 
coming publications on barley, oats and probably pasture crops. 

At Cheyenne Wells, work has been at a standstill because of no 
state appropriation. It would not be good policy to divert any small 
fund from other work to Cheyenne Wells because such a small di- 
version would not be sufficient to accomplish results and would re- 
duce effective work elsewhere. It would be highly desirable, how- 
ever, to have the state properly finance work at Cheyenne Wells. 

Our plains agriculture which is partially served by Akron needs 
additional help from experimental work in the mid-region represented 
by Cheyenne Wells and needs further work in the southeastern region 
represented by eastern Las Animas and Baca counties. The dryland 
country straddling the Arkansas Valley has so low a rainfall that 
at present it should not be dry farmed. By that I mean to say that 
there are so many dry-farming areas where the rainfall is better 
adapted for production that they should be studied and developed 
first. Dryland agriculture is an important part of Colorado’s agri- 
cultural production. Over 70 percent of the wheat, about 80 percent 
of the corn and around 70 percent of the barley are dryland grown. 
Practically all of the millets including proso, the major part ‘of the 


sorghums, nearly all of the beans from a general market considera- 
tion, are dryland produced. 


The Experiment Station needs to be in advance of agricultural 
needs and practices in this important field. 


In addition to the work just reported, Professor J. W. Sjogren, 
teacher in farm mechanics has spent his summers and a portion of 
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his school year studying certain farm engineering problems which we 
designate as farm mechanics. A bulletin is nearly ready for the 
editor on adobe buildings. Studies have been made for several years, 
in cooperation with the U. 8. Department of Agriculture, on the 
measurement of hay in the stack. There is much more work of a 
similar nature that should be undertaken and earried to a conclu- 
sion whether that conclusion give favorable or unfavorable results. 
We need to know comparative costs of performing many farm 
operations with horses and tractor power. We need to know the 
adaptability of different. types of tractor power to different lines of 
farm work, for the double reason of knowing the comparative horse 
and power adaptability for these operations and to learn the best 
methods of hitch and power application. We should also learn the 
limitations of tractor power as compared with horse power. 
We are equipped in man power to make these studies but do 
not have the necessary budget or material equipment. 
Respectfully submitted, 
ALVIN KEZER, Agronomist. 


REPORT OF THE ANIMAL HUSBANDMAN 
To the Director: 


Following is a report on the various projects carried on by this 
section : 


Beet By-product Rations for Fattening Beef Calves (Purnell) 


Wet Beet Pulp for Fattening Beef Calves.—Altho feeders have 
long recognized the high fattening value of wet beet pulp for aged 
tattle, there has been very little known concerning its value when 
fed to calves, and many have considered it too bulky a feed for satis- 
factory results on the younger animals. An average of two tests re- 
cently completed demonstrates clearly that wet beet pulp actually 
makes a very efficient feed in fattening beef calves as well as older 
cattle. 


Siloed vs. Pressed Beet Pulp.—Wet beet pulp coming directly 
from the diffusion cells at the factory, contains as high as 95 percent 
moisture. This ‘‘green’’ pulp is at the present time either siloed at 
the factory or run thru cold presses and delivered to the feeder as 
pressed pulp containing about 85 percent moisture. A comparison of 
fattening rations containing siloed and pressed pulp has indicated 
that the fattening value is largely dependent on the dry-matter con- 
tent of the pulp at the time of feeding. 
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Corn Silage as a Supplement to Wet Beet Pulp.—Because of the 
limited supply of wet beet pulp available to satisfy a strong demand, 
feeders often lack sufficient pulp to fatten the desired number of 
cattle. A test to determine the value of corn silage when used as a 
supplement to wet pulp has indicated that, altho corn silage is neither 
as cheap nor efficient as wet pulp at present prices, it may be used 
to advantage to supplement a limited supply of wet pulp in increasing 
the number of calves fattened. Seventy-five tons of pulp with grain, 
cottoneake and hay were sufficient to fatten out only 35 calves. The 
same amount of wet pulp, with additidn of 43 tons of corn silage, 
proved sufficient to finish 66 calves but at a cost of 64 cents per 
ewt. more for gains. 


The Fattening Value of Sugar-Beet Tops.—Beet tops fed with a 
basic ration composed of barley, cottonseed cake and alfalfa hay, 
showed a feed-replacement value of $6.41 per ton of tops fed. 


Ration Experiments with Cattle 


Comparison of Gains and Cost of Gains qn Steer and Open- 
Heifer Calves.—Open-heifer calves produced only 80 percent as much 
gain as steer calves fed the same ration over a 203-day feeding period. 
The feed cost per unit of gain was only 92.7 percent as much for 
steers as for the open heifers. 


Storage Studies with Pressed Beet Pulp.—A comparison of a 
trench silo and an above-ground straw silo for storing pressed beet 
pulp showed practically equal losses amounting to 29.21 percent for 
the trench and 26.89 percent for the straw silo. The cost of the trench 


silo, however, amounted to only 29 percent the cost df the above- 
ground straw silo. 


Summer Cattle-Fattening Experiment 


Beef calves fed thru the winter on a warming-up ration com- 
posed largely of roughages, were fattened during the following sum- 
mer on irrigated pasture and a heavy grain ration. A comparison 
was made of alfalfa pasture, sweet-clover pasture and a perennial 
pasture-grass mixture (Morton’s), while a mixture of equal parts corn 
and barley was used for a concentrate. The cheapest gains were se- 
cured on the perennial pasture-grass mixture. The highest net profits 
on pasture were secured where a protein concentrate was added to 
the perennial pasture-grass mixture, but higher net profits were real- 
ized with cattle fattened in drylot. Cattle fattened on irrigated pas- 
tures showed a characteristic yellow color in the carcass fat which was 
partially eliminated where a protein concentrate was added. 
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Range Management 


A study is being made of the carrying capacity of low foothill 
range in the maintenance of a beef breeding herd. The value of 
protection to the forage during the early spring growing period is 
shown thru actual practice. Systematic rotation of cattle on the 
pastures as a means of increasing forage production is another phase 
of the investigation. Winter maintenance investigations with heifers 
are also being conducted. 


Cornfield Lamb Feeding 


Different methods for lambing down corn have been practiced 
in an effort to establish an economical practice that will cheapen fat- 
tening costs and eliminate excessive death loss. Altho a satisfactory 
method has not yet been evolved, it is planned to continue this work. 
With the idea that the pasturing of stock beets (mangels) may offer 
possibilities in the field-fattening of lambs, some tests in grazing off 
beets with a supplementary feed of alfalfa hay and with and without 
grain are being carried on at the present time. 


Ration Experiments with Lambs 


Barley proved to be a better fattening feed when supplemented 
with available carbonaceous feeds than when fed alone with alfalfa 
hay. Fed alone with alfalfa hay, barley produced more growth but 
less finish than corn. Average results for two feeding tests indicate 
that a No. 2 grade of barley has 89.4 percent and a No. 3 grade of 
barley, 83.5 percent the fattening value of corn. 

In two fattening tests a No. 2 barley, steamed rolled, showed only 
86.7 percent the feeding value of corn. In this test, the addition of 
.25 pound cottonseed meal to the barley-alfalfa ration increased the 
gain per lamb 5.25 pounds and produced gain for 91.8 percent the 
feed cost required with barley and alfalfa alone. 

Corn silage fed with the basic ration at the rate of 2.5 pounds 
per head showed a feed replacement value of $7.45 per ton which was 
51.4 percent the value of alfalfa hay. Corn silage had practically 40 
percent the feeding value of cut, dried, corn fodder fed with the 
basic ration at the rate of 1.25 pounds daily, giving the cut fodder a 
value of $18.63 per ton. 

Pressed beet pulp proved by far the most efficient carbonaceous 
supplement. Costing $2.64 per ton fed, it showed a feed-replace- 
ment value of $6.94. 

Feed cost of gains on light 40-pound lambs amounted to only 
87.5 percent the cost of gains on 60-pound lambs but the lighter 
lambs did not sell for as high a price per ewt. According to average 
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results secured, the light lambs purchased at 50 cents per ewt. less 
than medium weights, would have returned the same profit. 

A comparison of narrow panels and self-feeders for feeding long 
alfalfa hay indicated that self-feeders, all costs included, were more 
profitable. A 30-pound gain on 1000 lambs cost $3000 with self- 
feeders and $3156 with panels while there was a difference in total 
cost of equipment of only $160. A yearly saving of $156 would 
nearly pay for the feeders in one year. 


Comparative Value of Different Kinds of Molasses in Lamb- 
Fattening Rations (Purnell) 


A general summary of more recent lamb-feeding experiments 
with molasses has indicated a higher value for beet molasses than for 
cane molasses where proper care has been exercised in gradually in- 
troducing the beet molasses into the ration. 

With the new barium process for extracting additional sugar 
from Steffens discard molasses, a new final discard molasses is being 
produced and used as a stock feed in Colorado. Altho this molasses, 
called ‘‘Johnstown Final Discard,’’ contains a higher percentage of 
carbohydrate than the Steffens discard molasses, a considerable por- 
tion is in the form of trisaccharide, raffinose. 

Insistent inquiry from lamb feeders regarding the relative feed- 
ing value of cane molasses and the different kinds of beet molasses 
has made it advisable to test these different kinds of molasses avail- 
able to Colorado feeders. The first test comparing cane molasses, beet 
molasses, Steffens discard molasses and Johnstown final discard mo- 
lasses fed with shelled corn and alfalfa to fattening lambs, indicated 
that the palatability of the different molasses was practically the 
same, that the Steffens discard was slightly more efficient than the 
others, followed in order of efficiency by straight beet molasses, 
Johnstown discard and cane molasses. This test is being duplicated. 


Winter Maintenance of Breeding Ewes 


In the range, ewe-maintenance experiment which has been run 
for 1 year, we can state a few facts which are indicated by this 1 
year’s work. In the first place it seems to be very desirable to add 
cottonseed meal to a South Park hay ration, when the results are 
based on weight alone. The feeding of calcium and of both caleium 
and. phosporous shows some beneficial results, but they are so slight 
that they may be within the range of experimental error. However, 
when a chart is made of the weights of these ewes at various times, 
we note a residual effect of the caleium and phosphorous which later 
experimental work may prove to be important. For example, during 
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the time of gestation, calcium or calcium and phosphorous did not af- 
fect the weight in any definite degree. During the time of parturi- 
tion and also during the early part of lactation, the same was true, 
but as the lactation period advanced, the weight curve for the lot re- 
ceiving calcium, cottonseed meal and South Park hay, and for the 
lot receiving calcium, phosphorous, cottonseed meal and South Park 
hay, ran above the other weight curve and showed a very interesting 
beneficial effect. 

Not enough data have yet been compiled on the measurements 
of the lambs to draw any definite conclusions, but the few measure- 
ments which were made last year during the first year’s work, lead 
us to believe that we will be able to show a larger diameter for the 
heart girth, and a larger diameter for the cannon bone when mineral 
is fed than when it is left out of the ration. 


Sheep Summer Fallow (Akron) 


Sheep have been carried on two standard dryland rotations and 
on native sod pasture for a series of years to determine their value 
on dryland farms. The practice has been successful in keeping down 
weeds on summer fallow and the sheep have been maintained satisfac- 
torily on home-grown feeds. 

Winter maintenance rations for ewes, including the common for- 
age crops of the drylands, sweet clover and a protein concentrate, 
have been compared. A carrying-capacity test on native sod has also 
been carried. Enough data are now available on this work to furnish 
reliable information on the results that may be expected in carrying 
sheep on the average non-irrigated Eastern Colorado farm. 


Utilization of Dryland Feeds 


Non-irrigated Eastern Colorado produces a large portion of the 
state’s grain crop. The carbonaceous grains and forage crops pro- 
duced there offer opportunities for feeding livestock. 

Hog millet is an important emergency crop for the dryland. 
Planted as late as July 1 when other crops have failed on account of 
hail or drouth, it will still mature a grain crop. The fattening value 
of the different grains available and especially hog millet when fed 
with carbonaceous roughage and supplemented with a protein con- 
centrate, is a problem that has been worked upon this year. 


Winter Hog-fattening Test—Ground barley self-fed with pro- 
tein and mineral mixture supplements showed 88.1 percent the feed- 
ing value of shelled corn in winter fattening tests. Hog millet showed 
103 percent the feeding value of shelled corn in the same experiment. 
Protein and mineral supplements were reduced in increasing amounts 
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by the substitution of (1) barley for corn, (2) hog millet for corn 
and (3),a corn-and-hog-millet mixture for corn. 


The palatability of grains fed ranged in the following order: 
Hog millet (ground), hog millet and corn, shelled corn and ground 
barley. Pigs fattened on hog millet showed a higher dressing per- 
centage and a lower careass shrinkage in the cooler than pigs fattened 
on corn or barley. The pork from millet-fed pigs was of excellent 
texture and flavor, both when cooked fresh and after curing. 


Summer Hog-fattening Test—Hogs were fattened on a succes- 
sion of annua! pastures including fall-sown rye, spring-sown barley 
and sudan grass with a self-fed grain and protein supplement. These , 
hogs were finished for a late August market and produced very sat- 
isfactory gains. The grain supplement used was composed of ground 
barley and hog millet fed in separate compartments of a self-feeder. 
The greater palatability of the hog millet was demonstrated by the 
fact that the pigs consumed only about 17 percent barley. 


Lamb-fattening Test.—Hog millet (ground) had 84 percent the 
feeding value of shelled corn when fed with cane hay and a protein 
supplement to fattening lambs. A protein supplement composed of 
4 pound of cottonseed meal and 14 pound No. 2 alfalfa meal proved 
just as efficient and much cheaper than 14 pound of cottonseed meal 
when fed to both growing and fattening lambs. 


According to these tests, well-balanced fattening and growing ra- 
tions in non-irrigated sections of Colorado proved as cheap and effi- 
cient in non-irrigated sections as in irrigated sections of the state. 


Hog Feeding in the San Luis Valley 


A study of fattening rations for hogs pastured on field peas in 
the San Luis Valley is being made. Considerable inquiry as a result 
of poor gains and rather high death losses has prompted this line of 
investigation. Feeds used include field peas, barley, alfalfa meal, 
tankage, cull potatoes and skimmilk. i 


All-mash Feeding vs. Scratch-and-mash Feeding of Poultry 


During the past year our work on comparing the results when 
feeding all-mash to laying pullets as against a mash-and-seratch ration 
did not give satisfactory results because colds and roup threw the 
groups out of condition. We, therefore, felt that it was necessary to 
carry on another season. On October 1 we placed two groups of 


ullets in a divide US y ar r p 1 
p ded house. They are now being fed the two rations 
and records are being kept. 
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We are also working on a new problem of heating old kerosene 
lamp incubators by electricity. This work will be carried on until 
hatching season is completed. 


Following is a list of the projects upon which we desire to prose- 
eute work during the year: 


aa 


on oe 


10. 
1 ie 
12. 


Beet By-product Rations for Fattening Beef Calves (Purnell) 
Ration Experiments with Cattle 

Summer Cattle-fattening Experiment 

Range Management 

Cornfield Lamb Feeding 

Ration Experiments with Lambs 


Comparative Value of Different Kinds of Molasses in Lamb- 
fattening Rations (Purnell) 


Winter Maintenance of Breeding Ewes 
Utilization of Dryland Feeds (Akron) 


a. Winter Hog Feeding 

b. Summer Hog Feeding 

ce. Winter Lamb Feeding 

d. Winter Maintenance of Ewes 


Hog Feeding in San Luis Valley 
All-mash Feeding vs. Scratch-and-mash Feeding of Poultry 
Electric Heating of Small Kerosene Lamp Type Incubators 


Recommendations 


Our work in the Animal Investigations Section has been confined 
to a very limited part of our field; that of fattening meat-producing 


animals. 


We should take care in the immediate future of certain 


problems arising with regard to the feeding of dairy cows and the 
raising of dairy calves both in irrigated sections and dryland sections. 
We should also look some years ahead to financing experimental 
work in connection with dairy manufactures. There are problems 
now existing upon which we should be doing work but it is impossible 
for us to undertake it on our present budget. 


Respectfully submitted, 
GEO. E. MORTON 
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REPORT OF BACTERIOLOGIST 


To the Director: 


I have the honor to submit herewith the annual report of the 
Bacteriological Section of the Colorado Experiment Station for the 
year December 1, 1928 to November 30, 1929. 

During the past year, we have directed our efforts along four 
lines of study as described briefly below. Three of our projects have 
been supported by the Purnell fund and one by the Adams, Hatch 
and State funds jointly. 

The personnel of the section has changed somewhat since last 
year. Miss Laura ©. Stewart, formerly a fellow on half time, has 
been made a full-time assistant; Robert Gardener has followed Justus 
C. Ward as soil chemist of the Rocky Ford Laboratory ; Mrs. Mildred 
Brown Carpenter, a former member of the staff, has replaced Miss 
Ferguson, resigned ; Miss Esther Elliott has sueceeded Miss Ann Rob- 
erts as student laboratory assistant. 


Projects 


I. Alfalfa Wilt—Purnell Fund.—There is no more vital prob- 
lem in the agriculture of Colorado than restoring our alfalfa fields 
to their former state of productiveness. The rather general decline 
of this crop which has been observed during the last 5 years appears 
to be due to two causes: Winter injury resulting from the planting 
of unhardy varieties, and the bacterial wilt, a root infection, which 
follows winter injury. The most practicable solution of this trouble 
lies in the discovery of varieties that are adapted to our winter con- 
ditions and which are also resistent to the wilt. 


Two years ago and again this spring the Bacteriology Section and 
the Agronomy Section, cooperating, planted a number of variety-test 
plots in Boulder, Larimer and Weld counties. The list of varieties 
included Grimm, Cossack, Hardigan, Ladak, Canadian Variegated 
Turkestan and Utah Common. 


Excellent stands were secured with all plantings in 1929, with the 
exception of one plot in Weld county which was destroyed by grass- 
hoppers. While the plots are still too young to yield significant re- 
sults, there is some indication that Grimm and Canadian Variegated 
are superior to the others. Similar tests are to be made next year 


in Prowers county in cooperation with the Denver Alfalfa and Mill- 
ing Products Company. 


a Botulism Poisoning—Adams and Hatch Funds.—Hardly a 
year passes but one or more deaths result from eating either spoiled 
vegetables or meat that has been improperly canned. When we realize 
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that a human life is valued at $5000 and that last year there were 
three deaths in tha state from botulism poisoning, a preventable dis- 
ease, ati a cost of $15,000 to the community, the importance of this 
investigation needs no argument. 

We have completed over 6,000 tests for the purpose of determin- 
ing how long a time and at what temperature it is necessary to heat 
the spores of the germ that causes botulism poisoning to kill them. 
The temperatures we have used correspond to the boiling point of 
water for all elevations ranging from the altitude of Rocky Ford to 
Cripple Creek, and the exposures from 14 hour to 8 hours. Our re- 
sults indicate that there is no place in Colorado where vegetables 
and meat can be canned with absolute safety against this form of food 
poisoning unless the cans are heated at the temperature of boiling 
water for more than 6 hours which is wholly impracticable. Canning 
in the pressure cooker where temperatures above the boiling point of 
water can be obtained appears to be the solution of the problem. 

Further experiments on the determination of the lag in canned 
peas and carrots have been made. 

It is our plan to make a further study of the distribution of the 
germs of botulism poisoning in Colorado soils during the coming year. 


III. Winogradsky Method of Testing Soil Deficiencies.—The 
value of this method in determining fertilizer needs and its im- 
portance to the agriculture of the state was set forth at some length 
in the semi-annual report of this section. 

During this year we have compared this method with that of 
Neubauer, a chemical method, and find that a very close correlation 
exists. In our opinion the method is sufficiently reliable to warrant 
our recommending it as a routine procedure in testing soils for phos- 
phate, potash and lime deficiencies. The Great Western Sugar Com- 
pany, the Holly Sugar Company, The American Beet Sugar Company, 
The National Sugar Company and the Utah-Idaho Sugar Company 
have all been using the Winogradsky method the past season with ex- 
cellent results. Just recently we have examined a number of soils 
for the Kuner-Empson Packing Company. The fact that these large 
industrial corporations place so much reliance in the test speaks well 
for the value of the method. 

Our records show that we have examined soil from more than 
200 farms during 1929 for fertilizer deficiencies. In general we can 
say that most of our soils would be improved by the addition of phos- 
phate. 

Tn order to check the reliability of the method, we carried on ex- 
tensive fertilizer experiments with sugar beets on six different farms 
in Larimer county the past season. Two of these were located near 
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Wellington, one near Harmony, one east of Loveland and two near 
Berthoud. Our tests showed the soil on two of these farms to be de- 
ficient in phosphate but not in potash or lime. On each of the farms 
four different fertilizer treatments were used: Acid phosphate, at the 
rate of 200 pounds per acre, potassium sulfate 100 pounds per acre, 
acid phosphate 200 pounds and potassium sulphate 100 pounds, and a 
check to which nothing was added. At the end of the season, ton- 
nage and percentage of sugar were determined for each treatment on 
each farm. The results showed an increase of 134 percent in tonnage 
on one farm where phosphate was added and 13.7 percent on another 
with a like deficiency and like treatment. Where our tests showed 
nothing lacking there was no benefit from the fertilizer. 


The field work of this project has been under the immediate di- 
rection of Dr. D. W. Robertson of the agronomy section to whom 
much credit is due for the successful outcome of the experiment. 


So far as I know our laboratory is the first one in the United 
States to perfect and put into use this bacteriological method of de- 
termining fertilizer needs, and if it is as valuable as it promises, it 
will be one of the greatest contributions to agriculture that has ever 
been made, for by it we shall be able to tell every farmer in Colorado 
what particular fertilizer his land requires to make it more productive, 
and this information can be available for his use in less than 1 week 
after he sends in the soil sample. I submit to you this question: 
What measure of farm relhef can possibly benefit the farmer more 
than this? 


IV. Rocky Ford Niter Investigation—Purnell Fund.—Investiga- 
tions at the Rocky Ford Experimental Farm have been largely contin- 
uations of the previous year’s work. The Bacteriological Section has 
been particularly concerned with the following lines: 


1. The control of bacterial blight of beans by means of 2 and 3- 
year-old seed. 


In the light of this season’s results we question very seriously 
whether it is safe to plant diseased seed, even if it is 2 years old, 
with the hope of controlling blight. 


2. Relation of blight, mosaic, wilt, nitrates and plant lice to 


cucumber failures. 


Our experiments point rather conclusively to mosaic as the most 
important factor in cucumber failures in the Arkansas Valley, and 
to the melon aphis as the agent which carries the virus from a com- 
mon milkweed to the cucumber plants. 

3. 


. The use of crop residues in reducing the accumulation of soil 
mitrates. 
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Experiments over a period of 3 years indicate that the amount of 
nitrate in a soil can be reduced appreciably by plowing under saw- 
dust, straw or corn fodder. In view of these findings, these residues 
should be applied cautiously to a land already low in nitrate, but they 
can be used to advantage when nitrates threaten to become excessive. 
If funds will permit, it is our plan next year to utilize this informa- 
tion in the reclamation of certain lands in the Western Slope where 
the soil nitrates have become so cdneentrated that the soil is no longer 
productive. 


4. Crop rotation experiments for the control of soil-nitrate ac- 
cumulation. 


A brief report by Mr. Gardener, chemist of the Rocky Ford Lab- 
oratory and Experimental farm follows: 


‘“The general trends of nitrate production and accumulation in 
the cultivated soils of the Arkansas Valley were so well established 
by the laboratory prior to the present season that it seemed advisable 
to direct the continuation of the work toward a more quantitative 
measure of the effect of the contributing factors. As the station facil- 
ities, both in personnel and laboratory equipment, impose a definite 
limit to the volume of work which can be done, the more intensive 
attack made it necessary to narrow the scope of the work to fewer 
aspects of the subject. Consequently only two principal phases of 
the problem have received detail study this year—the two phases be- 
ing the effect of crop residues and fertilizers on nitrates in fallow 
soil, and the effect of specific crops and crop rotations on the produe- 
tion and accumulation of nitrates. 


‘‘The procedure previously followed with the former of these 
phases was adopted without modification for the present season. For- 
ty-six plots, including the 238 plots sampled last year, and a new 
series of 23 plots were sampled weekly for analysis. The five green- 
manure plots formerly studied were similarly sampled. 


‘The study of the effect of crops and crop rotations was modified 
to permit more intensive observation on fewer plots. The vine crop 
and new alfalfa with nurse crop on the 8-year rotation were selected 
for study. Samples were taken both of surface and sub-soil every 
other day in an attempt to get a quantitative measure of the total 
amount of nitrate produced, including the portion carried downward 
by the irrigation water. Samples of the irrigation water were taken 
daily to determine the amount of nitrogen which might be intrcduced 
by irrigation. 

‘Including the water samples, approximately 2500 samples have 
been analyzed since sampling began on April 1. 
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‘Report cannot be made on the conclusions drawn from the sea- 
son’s work, as the work of analyzing and interpreting the accumula. 
tion of data has not! been completed, but the general conclusions of 
previous years have been verified. That there is an invariable aceum- 
ulation of nitrates in excess of utilization in the upper few inches 
of the soil growing cultivated crops during the season of maximum 
temperature, that this condition is less pronounced in uncultivated 
crops, and that the addition of green manure reduces the excess, are 
a few of the facts again definitely confirmed. It has been further 
confirmed that within the scope of the investigation any source 
of nitrogen found in the soil, except that introduced with fertilizers 
and crop residues or by fixation within the soil, is of negligible im- 
portance. 

‘“‘Tmproved methods of farming, including more rotation in 
cropping, addition of more organic matter, better irrigation practices 
and improved drainage conditions are acting to reduce the importance 
of nitrates as a toxic factor in crop production. But the effect of 
abnormal amounts of nitric nitrogen and the excessive bacterial activ- 
ity in the soil on the general problem of soil fertility are problems 
pressing for solution, and the fact of a condition existing where the 
nonsymbiotic fixation of nitrogen is in excess of the needs of crops 
makes the explanation of the factors involved in producing this con- 
dition a question of world-wide importance. With few exceptions 
the addition of more nitrogen to the soil than is accumulated in the 
ordinary cropping sequence is a universal need.”’ 


Respectfully submitted, 
WALTER G. SACKETT, Bacteriologist. 


. REPORT OF THE BOTANICAL SECTION 
To the Director: 


The following is a report on the projects carried by the Botani- 
cal Section, December 1, 1928 to November 30, 1929: 


Range and Pasture Improvement 


1. College Foothill Pasture, Fart Collins.—Records continued of 
quadrats, growth, phenology and environmental factors in relation to 
the continuous and deferred-rotation systems of grazing, 


2. Laramie River Valley.—Quadrat studies continued on the im- 
provement of sagebrush range by burning. 


oF North Park.—Experiment started in cooperation with exten- 
Sion service on the improvement of sagebrush range. 
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4. Upper Foothills, 7,000 feet, Virginia Dale—Composition and 
abundance of the vegetation, reseeding abandoned plowed areas, 
growth habits, quadrat studies, environmental factors, readings, map- 
ping—in relation to better range management and the range improve- 
ment. 


5. South Park.—Much of the sheep loss in the park traced to 
Triglochin maritima. Data collected and recommendations given on 
range improvement and range management. 


6. Irrigated Pastures.—Analysis of seeding mixtures and result- 
ing stands. Quadrats studied on six pastures under various farm 
conditions. Many valuable data collected on the composition of the 
pastures in relation to grazing practice. 


7. Methods of Quadratting.—Data have been gathered in an 
effort to devise quadratting methods adapted to range studies. The 
area-list method has proved especially valuable. 


8. Miscellaneous.—A beginning has been made on studying the 
use made of various native species by sheep and by cattle. We do 
not know enough about this yet to ‘‘size up’’ ranges adequately. 


Recommendations have been given to a number of stoeckmen un 
range utilization and reseeding. 


Weed Control.—The work on weed control the past year has con- 
sisted chiefly of testing in the field various chemicals as weed killers. 
Previous work has shown that arsenical sprays do little but kill the 
tops of weeds under Colorado conditions. Emphasis this year was 
laid on testing chlorates. 


During the first of the season Walter Ball, who was in charge 
of the work, accepted a position in charge of the weed control for 
California and B. J. Thornton took charge of the work here. 


Weed plots were laid out in the Arkansas Valley, near Manzanola, 
in the San Luis valley 8 miles south of Alamosa and on the Western 
Slope 3 miles northwest of Grand Junction. These plots were sprayed 
with sodium chlorate and calcium chlorate and also treated with crys- 
taline sodium and calcium chlorates. Several rates of treatment per 
acre were tested to get an idea of proper strength of the chemical to 
be used. Part of the plots were irrigated, the rest left dry. Un- 
treated check plots were left adjoining. Also areas were treated with 
earbon disulfide as a further check. 

The above-mentioned plots were chiefly bindweed but experi- 
ments were also tried on poverty weed, Russian knapweed, Canada 
thistle and white weed. 
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Local plots, to test the killing effect of chemicals, were also laid 
out at Wellington and Ft. Collins in Larimer county and also at two 
locations in Weld county and additional plots in Denver county. 

All of these plots were extensive enough and properly planned so 
as to test the effect of the various strengths of the chemicals used 
and to show the influence of time of application, manner of applica- 
tion and irrigation, on chemical treatment of weeds. 

Three trips were made to each of the plots during the season to 
make treatments and observations. The results of the 1928 tests in- 
dicate that the effects of chemical treatment with chlorates are fre- 
quently most evident the spring following the previous year’s treating. 

In some instances excellent results were obtained from use of 
sprays. Conditions, such as time and method of application, irriga- 
tion and weather, appear to play an important part in the success of 
chemical weed treatments. No definite conclusions can as yet be 
arrived at. 

In addition to field tests, greenhouses and laboratory experiments 
are being conducted by Mr. Cation on the physiological reaction cf 
chlorates on plants. 


Cereal Diseases.—Intensive study has been made of the physiol- 
ogy of Tilletia laevis causing stinking smut of wheat. Mr. Henderson 
returned from Ames in June to complete the write-up of his studies 
formerly carried on here. Mr. Bodine is continuing the study which 
he started last year and is writing up his results. 


Truck-crop Disease Studies.—The work the past year on truck- 
crop diseases has centered around the study of onion diseases, particu- 
larly those in storage. 


The increased onion acreage in the Arkansas valley the past year 
has resulted in increased trouble from diseases. In June, Mr. LeClerg 


established a field laboratory at Rocky Ford working out from that 
point as a base. 


His studies and observations are as follows: 


‘“‘Pink Root.—This new disease was first found in the state near 
Littleton in 1928. This past season it has been found in isolated 
fields near Canon City and around Rocky Ford. The disease in some 
cases caused a complete loss. It was apparently introduced into the 
state on Bermuda sets from Texas. Cireular ol, Pink Root! 765 


: 4 DS) Ae D3 : ; Otc 
Onions, was published January, 1929, describing the disease and 
recommending control measures. 


«6 ny Ey 2 
os eae Blotch.—This disease was found the past season in 
Severe lorm around Rocky Ford. In one field an estimated loss of 
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10,000 pounds per acre resulted. The disease is of fungus origin and 
directly follows continued growing of onions. Sanitation and rota- 
tion will keep the disease in check. 

“Fusarium bulb rot was also found in two fields near Rocky 
Ford.”’ 


Neck Rot.—Observations were made on this disease thruout the 
valley. Mr. LeClerg has made a study of storage conditions affect- 
ing onions conducive to neck rot. Some of the results of this study 
are published in bulletin 301-A. 

Thruout this season observations and notes were made on various 
other diseases of crops in the valley. A comprehensive report on this 
has been turned in to the director and also sent td the Office of 
Plant Disease Survey, Washington, D. C. 


Report of the Seed Laboratory for 6 Months Ending December 1, 1929 


Samples Tested.—Current Samples.........20020.2002002- 180 
Referee Samples A. O. S. A. N. A..... 10 

International Seed Testing Congress 15 

Investigaitong Ue As ee 30 

235 


Most seeds are dormant at this time of year so the total germina- 
tion tests made is 735. 


Investigational—Dormancy in Wild Oats and False Wild Oats.—- 
Thirty samples of wild oats were obtained from several western states. 
Threshing of these and germination tests of all samples have been 
made. Counts are now ready for later additional tests in regard to 
dormancy. 

In connection with a study as to the possibility of detecting mix- 
tures of Melilotus alba and officinalis, detailed microscopic examina- 
tions have been made of 27 samples of hand-threshed sweet-clover seed. 
The seed has been secured from various parts of Colorado and from 
other states. More samples are on hand and are being examined as 
time permits. 

Three months’ training have now been given a student in order 
to have additional help for the busy season which will probably begin 
about December 15. Arrangements have also been made by which 
Miss Lyon will return to the laboratory for the busy season, Janu- 
ary 1 to June 1, 1930. 

New Equipment Installed.— 

1 blower 1 Marchant calculator 
1 seed-counting equipment 4 new table tops. 
1 balance for large samples 2 germinators 
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During the time, May 27 to June 25, Miss Lute made a study trip 
visiting several of the most important seed laboratories in North 
America. Her report in brief is as follows: 


“T spent 3 days at the Virginia Seed Laboratory. Virginia en- 
forces its seed law more satisfactorily than any other state. A study 
of their plans and procedure in law enforcement has given me nuni- 
erous ideas for the enforcement of our law with the increased appro- 
priation which we are pledged to use for that purpose. 


The Virginia laboratory had recently installed new equipment 
and was adapting uniform laboratory practice to special seeds and 
conditions. 

June 3, 4 and 5 were spent in a meeting of the executive commit- 
tee of the Association of Official Seed Analysts of North America. 
The enforcement of seed laws must be based upon the use of similar 
methods, and a uniform interpretation of results secured in seed test- 
ing. At this meeting plans were made for various cooperative pro- 
jects looking toward unifying results from all laboratories. The re- 
sults of this work are to form a part of our program at the coming 
meeting in Des Moines. I am chairman of the committee on coopera- 
tion between laboratories. 

The following 4 weeks were spent working in the seed laboratory 
of the United States Department of Agriculture. 


This laboratory has experts and investigators in all lines of seed 
work. I was able to carry on special work under Mr. Hillman on the 
various species of bent grass and the various species of Brassica. 
Dr. Toole and Mr. Goss gave me much time and opportunity to study 
germination methods in chambers and greenhouses and the interpreta- 
tion of results obtained. Miss Sirrine, who has charge of all purity 


testing, assisted me to familiarize myself with all the latest knowl- 
edge in that field. 


The problem I am investigating in connection with wild oats 
involves a study of the chromosomes of wild oats and false wild oats. 
While in Washington I was able to familiarize myself with the meth- 
ods used by Dr. Langley in the study of chromosomes so that next 
spring I hope to be able to finish this problem. 

Several days were spent in the Maryland laboratory. This lab- 
oratory has very fine equipment of all kinds, expertly installed. 

The New York laboratory is organized and equipped differently 
than any other seed laboratory and gave special help in simplicity 
of keeping records and reporting results of tests. 

| It was possible to make a trip from Buffald to Toronto and 
spend July 4, which is not a holiday in Canada, studying the work 
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there. The Canadian laboratories work under a seed-grading system 
which they feel is better than the American systems of labelling 
exact quality. 

The Wisconsin laboratory ranks next to Virginia in efficiency of 
enforcement of the state seed law. The time spent there was taken up 
largely in discussing methods and plans for law enforcement. 

The Northrup King and Company in Minneapolis furnished ex- 
cellent opportunity to study testing of vegetable seeds on a large 
seale.’’ 


Cooperative Work.—Cooperative relations have been continued 
during the past year with the United States Department of Agricul- 
ture on barberry eradication. 

The Office of Sugar Crops and Diseases established a laboratory 
in association with the Botanical Section during the past year. Dr. 
Stewart and Charles Lavis are located here studying the problems of 
beet disease and breeding for resistant varieties. 


Publications of the Botanical Staff for 1929 


Durrell, L. W. A new Pathology Text (review) 
Principles of Plant Pathology by Charles E. Owens. 
Phytopath. 19 :177. 
Hanson, Herbert C. Range Resources of the San Luis Valley. 
Colo. Sta. Bul. 335 :1-60. 
Grazing Types in Colorado. 
The Cattleman 15:57-63 (April) 
Reseeding Waste Range Land. 
The Cattleman 15:31 (May) 
Intensity of Grazing in Relation té Proximity to Isola- 
tion Transects. 
Ecology 10 :343-346. 
Analysis of Seeding Mixtures and Resulting Stands in 
Irrigated Pastures of Northern Colorado. 
Journ. Am. Soe. Agronomy 21 :650-659. 
Diseussion on ‘‘Eradication of Brush and Weeds from 
Pastures’’ by A. E. Aldous. 
Journ. Am. Soc. Agronomy. 21:666. 
Pasture Plants for Sheep. 
American Sheep Breeder, July. 
LeClerg, E. L. Some Common Diseases of Ornamental Plants. 
Colo. Sta. Bul. 351. 
Neck Rot of Onions. 
Colo. Agr. Exp. Sta. Bul. 301-A. 
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Rogers, Charles F. Canada Thistle and Russian Knapweed and 
Their Control. Colo. Agr. Exp. Sta. Bul. 348. 
Zygophyllum fabago in Colorado. Science. 
E. G. Smith. Trametes hispida—A Destructive Parasite in Apple 
Orchards. Mycologia. 
Some Phases of Spore Germination of Myxomycetes. 
Am. Jour. Bot., Nov. 1929. 
Longevity of Spores of Myxomycetes. 
Mycologia, November, 1929. 
Charles F. Rogers and Ira Hatfield. Carbon Disulfide for the Hrad- 
ication of Perennial Weeds. 
Colo. Agr. Exp. Sta. Bul. 347. 

LeClerg, E. L. Pink Root of Onions. Colo. Agr. Ext. Cir. 57. 
Herbert C. Hanson with F. E. Clements and J. E. Weaver. Plant 
Competition. Carnegie Institution Publication (Text). 
Hanson, Herbert C. The Struggle for Existence Among Range 

Plants. The Producer, 11:57. 


Reseeding Range Lands. The National Wool Grower, 
October, 1929. 


Publications Submitted or in Press 


KE. C. Smith. Eeological Observations on Colorado Myxomyeetes. 
EK. L. LeClerg. Cultural Studies of Some Soil Fungi. 


Tra Hatfield and Charles F. Rogers. Formula and Apparatus for 
Measuring the Liquid to Gas Volume Change. 


Charles F. Rogers and Ira Hatfield. A Chemical Indicator for Test- 


ing in the Field the Diffusion of Carbon Disulfide Gas thru the 
Soil. 


Root Systems of Wild Morning Glory and Poverty Weed 
Regeneration Studies. 


‘ml = Ve : 
H.C. Hanson. The New York Symposium on Pasture Management. 
The Breeder’s Gazette. 


Legumes for the Tame Pasture. 


: Improvement of Sagebrush Range in Colorado. 
Colo. Agr. Exp. Sta. Press Bulletin. 


Range Reseeding. The Producer. 
Respectfully submitted, 
L. W. DURRELL, Botanist. 
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REPORT OF THE CHEMIST 
To the Director: 

During the past 12 months this seetion has finished the project 
designated ‘‘effeets of clover and alfalfa in rotation; carbon dioxid 
in the soil.’’ The results have been presented in four parts, one of 
which has been published as Bulletin 319. The main features of the 
results were that we did not find any significant increase in the total 
nitrogen in the soil, and the nitric nitrogen was contiuously very low. 

The carbonic acid in the soil atmosphere was maintained at very 
much larger quantities under these crops than in fallow land. The 
soil complex in the soil experimented with corresponded to 13 hydro- 
gen atoms and was not affected by the crops. 

The water-soluble potassium was quite abundant in the soil and 
varied in different portions of the plot, but in all cases was greatly 
increased by the growing crops. There is in this soil a large quantity 
of potassium that forms no part of the soil complex. The variation 
in the water-soluble phosphoric acid was not followed. 

Supplemental to the main project, small plots of wheat were 
grown on the land after the crops had been plowed under during the 
preceding fall. <A part of the fallow plot used had been planted to 
corn. This is how we came to have three crops and a falldw in this 
experiment ; the crops were clover, alfalfa and corn with a fallow. 

The wheat yield was the largest after fallow and smallest after 
alfalfa, the difference being 18 bushels per acre. The protein content 
was highest after alfalfa and lowest after corn. After alfalfa it was 
19 percent; after corn 12.25 percent; after clover, 17.5 percent, and 
after fallow, 17.25 percent. 

This wheat experiment was repeated using the whole plot of land. 
This year the differences of the preceding season had largely disap- 
peared and the general effects seemed to be those of fallowing. The 
various plots yielded around 55 bushels per acre. We do not wish to 
prosecute this work further. 

The only active project now being prosecuted is a study of the 
extent and character of the changes effected in alfalfa hay by weath- 
ering or injury by rain in the field. This is really an extension of 
work done 32 or 33 years ago, so far as the analytical features are 
involved, but this work is being supplemented by biological work in 
feeding rats. It may require longer to complete this work than we 
originally anticipated, but the results so far promise to be of consider- 
able interest. They confirm and explain observations previously 
made. It may be safe to state at this time that the vitamins of alfalfa 
hay are quite easily soluble, so the loss in this respect is very large. 

Respectfully submitted, 
WM. P. HEADDEN, Chemist. 
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REPORT OF THE ENTOMOLOGICAL SECTION 


To the Director: 


The following is my annual report upon the work carried in the 
Entomological Section of the Colorado Experiment Station during 
the 12-month period just closing. 

The Entomological Section has carried 10 active projects upon 
all of which some work has been done. These projects are listed 
below with brief comments upon the work done in each. 

The investigational work is sé coordinated with teaching and 
the regulatory work under the state entomologist, as to give the 
section part-time service of 10 people. Two of the projects deal 
with rodents and are zoological rather than entomological in nature. 

The insect injuries to crops during the past year have been ser- 
ious at times, but on the whole, the losses have not been unusual. Bet- 
ter control methods are continually being used by the growers of farm, 
fruit and vegetable crops in the state which offset the occasional in- 
troduction of a new pest and the enlarged area in which these crops 
are grown. 


Projects of the Year 


Plant-louse Investigations.—This project is carried chiefly on 
Adams and Hatch funds. The work is rather technical in nature and 
is carried by Miss M. A. Palmer and the writer. Two technical papers 
have been published on this work during the year in which host plants, 
life histories and descriptions of new species have been given. These 
papers were published in Annals of the Entomological Society of 
America. An annotated lst of Colorado Aphidae, upon which we 
have been working for some time, has made considerable progress. 


Ants in Relation to Plant Lice——Dr. C. R. Jones is in charge of 
this project. It is supported on the Hatch fund. This is also a tech- 
nical study for the most part, but includes methods of control. Bulle- 
tin 341, Ants and their Relation to Aphids, published during the year, 
gives the results of a large portion of this work. It is condensed 
from a rather lengthy thesis written for the Ph.D. degree in the De- 
partment of Entomology, Iowa State College. 


Codling-moth Studies.—The codling-moth, which has proved to be 
SO difficult to control in the Colorado Valley in this state, has called 
for continuous work because of its changing habits, which also call for 
more refined methods for control which are not yet altdgether satis- 
factory in parts of Mesa County. Good control is secured in other 
sections of the state where our recommendations have been followed. 
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This project is being carried under the direction of George M. List and 
J. H. Newton, with the assistance of Louis Davis. 


Codling-moth Control by Means of an Egg Parasite.—This inves- 
tigation is rather a unique one and has called for a great amount of 
ingenuity to meet the unexpected difficulties that have arisen in the 
work. The project started off with great promise, when suddenly we 
became aware of the presence of two mites, one, Pediculoides sp., at- 
tacking the Angoumois grain moths used in the experiment, and an- 
other, a Gamasid, attacking the eggs of the moth upon which the 
parasites were being reared. These mites were about to ruin the ex- 
periment when Mr. List succeeded in controlling them with flowers of 
sulphur. Following this, the parasites refused to ovaposit in the eggs, 
which we believed to be due to the sulphur in the breeding cages. This 
difficulty seems now to be overcome, and at this writing all promises 
well again for the work. 


Grasshopper Control.—The work on this project has been in 
charge of Frank C. Cowan as deputy state entomologist, and has been 
directed against the Mormon cricket (Anabrus simplex) which is a 
wingless grasshopper. This insect has been quite destructive to the 
crops, especially of the new settlers in Northwestern Colorado, for a 
number of years. The work has been in collaboration with the Bureau 
of Entomology of the U. 8. Department of Agriculture and has been 
supported upon special appropriation by congress and the budget of 
the state entomologist. Mr. Cowan reports most satisfactory results 
from his work of the past year. It seems probable that by next July 
this insect will be practically exterminated for many years to come in 
Moffat and Routt counties of this state. A bulletin manuscript giv- 
ing the results of the work done on this project by Mr. George Lang- 
ford is in the hands of the printer. 


Potato Flea-beetle.—Bulletin 337 gives the results of this work 
up to a year ago. The past year the work has been carried further by 
Leslie B. Daniels, who has added materially to our knowledge of the 
habits of this very destructive insect and the methods that may be 
used for its control. 


Resistance of Bees to) Foul Brood.—This is a new project in 
charge of R. G. Richmond, deputy bee inspector for Colorado, upon 
which considerable work has been done the past year. 


Colorado Insect Fauna.—This is a continuing project in charge 
of Sam McCampbell. It has for its purpose to get together as full a 
collection of Colorado insect fauna as possible, with notes on food 
plants, the hosts, dates of collection, name of collector and other im- 
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portant information. It also includes the determination of material 
collected and the making of exchanges with other entomologists 1n 
this and in foreign countries. Good progress has been made during 
the year. 


General Insect Investigations.—This project is carried from year 
to year to enable this section to do emergency work on short notice 
whenever any insect outbreak occurs within the state. Some work on 
this project is called for practically every year. 


Rodent Life Habits——W. L. Burnett is in charge of this project 
which has been undertaken to obtain more definite information con- 
cerning the life habits of some of our most destructive rodents in order 
that methods of control may be made more efficient. Good progress 
has been made this past year. 


Rodent Poisoning.—This project is closely correlated with the 
preceding, under the direction of Mr. Burnett. Its purpose is to im- 
prove present methods of rodent control by means of food poisons. 


The insect collection and the entomological laboratory are being 
moved into the new fireproof building constructed in connection with 
the building which houses the department of zoology and entomology. 
This building will be greatly appreciated in our work. We shall 
have a feeling of security now, as the danger of losing our insect 
collection by fire is made very small. 


Respectfully submitted, 
C. P. GILLETTE, Head of Entomology Section. 


REPORT OF THE AGRICULTURAL ECONOMIST 
To the Director: 


During the year ending November 30, 1929, the Section of Eeo- 
nomics and Sociology has given attention to the study of nine pro- 


Jects, eight of which have been approved for development with Pur- 
nell funds. 


Project No. 1.—During the year 1926-27 the Division of Farm 
Management and Costs, Bureau of Agricultural Economies, U. 8. D. 
A., conducted an extensive fruit survey which was nation wide in 
scope. In this study certain districts of the western slope were inelud- 
ed. Subsequently this work was expanded by the Extension Service 
and the Department of Economies and Sociology of this institution. 
For three successive seasons the members of the staff, in this de- 
partment in cooperation with the Extension Service, have visited 
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farmers in Mesa, Delta, Montrose and San Miguel counties, and have 
secured data relative to the acreage and production of farm crops, to- 
gether with the disposal of these crops; also information pertaining 
to numbers, values, production, purchases and sales of livestock; an 
itemized list of farm receipts and farm expenses; estimates relative 
to the value of food raised on the farm for home consumption; and 
investment in real estate, livestock, machinery and feed. Each individ- 
ual record has been summarized and returned to these men. In addi- 
iton, a preliminary report covering the major features of the survey 
has been taken back to cooperating farmers each year. <A special 
report covering the 3-year period is in preparation and will be pub- 
lished in due time. 


Project No. 2.—Detailed accounting records have been obtained 
from several farmers in the Greeley area and for some of these units 
the study has been continued for the eighth year. Financial records 
have been secured from several farms in the same general region. For 
the northeastern section of Colorado the work is in its third year. 

At the beginning of the year 1929 a few representative dairy 
farms in Weld and Larimer counties were included in the project with 
the object of investigating the status of the dairy enterprise as it is be- 
ing developed on these irrigated farms. The entire group of farms in 
this project has been selected for the purpose of providing a con- 
tinuous record of economic changes in this area and in order to de- 
termine the relative profitableness of the different types of farming 
which are representative of the region. 

Colorado station bulletin No. 353 entitled ‘‘The Cost of Produe- 
ing Crops on Irrigated Farms’’ has been published and distributed 
during the year. A manuscript is practically completed relating to 
eattle-feeding and lamb-feeding costs and returns covering a 7-year 
period. 


Project No. 3.—In our reorganization of this study contacts have 
been established with 19 North Park cattlemen who have agreed to 
cooperate in the matter of keeping the necessary records. Complete 
inventories have been obtained on each of these ranches as of January 
1, 1929. An average of five visits has been made to each ranch during 
the year for the purpose of getting acquainted with management prac- 
tices and to inspect and check the records which these men are 
keeping. 

During the summer a survey was made of the feeder cattle to be 
marketed during the fall months. At that time approximately 25 of 
the ranches in addition to those cooperating in keeping ranch records, 
provided information in regard to their feeder cattle. These data 
were summarized and distributed to interested parties during the 
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early autumn. Special data have also been collected on the labor re- 
quirements involved in cutting and putting up hay in the North Park 
area. It is our purpose to issue a preliminary report on the latter 
phase of this project so that ranchmen in this general area may be in a 
position to check their work with the records which have been com- 
piled. 


Project No. 4.—In our analysis of the social status of the Span- 
ish-speaking people of rural Colorado, information has been assembled 
with respect to the economic, religious, social and educational condi- 
tions under which these people have lived in previous years. An at- 
tempt has been made to study the habits and life practices of the 
members of this group. Records have been taken regarding citizen- 
ship ideas and the present situation in Old Mexico which has led in 
many cases to immigration to the United States. Several typical 
regions have been visited during the present year and additional rec- 
ords have been assembled with the idea of making our report on this 
project more complete. 


Project No. 5.—An intensive study has been made of county reve- 
nues and public expenditures in Larimer County and a manuscript 
giving the details of this investigation has been completed. Prior to 
pubheation this outline will be reviewed by the Division of Finance in 
the Bureau of Agricultural Economics, Washington, D. C.; also by 
individuals who have cooperated in supplying the information. 

During the year Colorado station bulletin No. 355 entitled ‘‘An 
Outline of Colorado Tax Laws for Farmers and Ranchmen’’ has been 
published and distributed. 


Another manuscript relating to the cost of operating schools in 
Larimer County is in preparation. An analysis of receipts and ex- 
penditures for educational purposes in 10 typical counties in Colorado 


is now in progress. Most of the statistical tabulations have been 
completed. 


Praject No. 6.—In April, 1929, farm business-analysis records 
were secured from a representative group of farm operators in the 
San Luis Valley. Substantially all of these operators have furnished 
information regarding the storage and marketing of the potato erop 
on their farms. Three years’ work has been completed on this pro- 


Ject and the results of this investigation are being compiled for pub- 
heation at an early date. 


Project No. 7.—A farm organization survey was conducted in the 
apple districts on the western slope during the month of May and 
some 80 or more records were obtained from farm operators who had 
previously given information for their farm business in 1927. Our 
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purpose in this study was to compare the results on farms where the 
major attention was directed to apple production with other types of 
farming in which other enterprises constituted an important part of 
the system. The records which have been assembled to date appear to 
indicate that farmers who rely upon apples as their chief source of 
income are not making as good returns as farmers who combine erop 
production with one or more classes df livestock. 


Project No. 8.—In the summer of 1927 the Colorado Agricultural 
College, in cooperation with the Division of Land Economies, U. 8. D. 
A., began a study of land utilization in Northwestern Colorado and 
farm business-analysis records for the year 1926 were secured from 
representative operators in Moffat, Routt and Grand counties. This 
study has been continued for 3 successive years. Information has 
been assembled relating to the area, production and sale of crops: 
the number, value and purchase of livestock. Miscellaneous incéme 
and all items of expense were secured for each farm each year. Some 
were crop farms, some livestock ranches, while others had no one out- 
standing source of income. Some farmers operated their farms part 
of the year and worked out the rest of the year in order to increase 
their incomes. 


It would seem from our review of the more successful farms in 
this group that where there is sufficient area and livestock and where 
an attempt is made to keep down expenses, a man has a fair chance 
to succeed in this region. On, the whole, livestock farming appears 
to offer the best chance for profitable returns, altho farms giving 
major attention to wheat and potato production did well in Moffat 
County. 


Project No. 9.—During the past year the work in this field has 
been, expanded until there is now available more or less information 
relating to the business of 80 Colorado cooperatives. These data have 
been assembled by personal interviews with men in charge of coopera- 
tive organizations and thru contacts with managers and individual 
farm operators who have been, or who are now connected with coop- 
erative associations. The present available list includes: 22 eleva- 
tors, 14 potato associations, 6 fruit associations, 4 cooperative cream- 
eries, 5 livestock associations, 9 central exchanges and 20 miscellan- 
eous organizations. The miscellaneous group includes vegetable, 
honey, coal, turkey and oil associations, as well as cooperative stores. 


Information pertaining to a small percentage of the organizations 
is somewhat incomplete. This is due to encountering some opposition 
because of misundertanding concerning the motive behind the investi- 
gation. In some cases the present manager had been with the organi- 
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zation a relatively short period of time and he was therefore unable 
to furnish much information. These records will be summarized as 
promptly as possible and the material will be incorporated in bulletin 
form for distribution. 
Respectfully submitted. 
L. A. MOORHOUSE, Head of Economies Section. 


REPORT OF HOME ECONOMICS SECTION 
To the Director: 


From this section of the station the report is necessarily brief, 
for the reason that not until early in the summer was it possible to 
secure a worker adequately trained in the physical and mathematical 
sciences. 


The project underway is the baking of flour mixtures at high 
altitudes, part II. In this part II of the project it is the purpose to 
interpret from a physical-chemical standpoint the results obtained 
in part I. 

Miss Florence Schott, appointed to carry on this research, report- 
ed for duty July 1. Miss Margaret Scheve entered upon her duties 
as laboratory assistant on the same date. 

During July the time of both workers was spent in acquainting 
themselves with the problem and with the facilities for the research 


work to be undertaken. This involved much reading and correspond- 
ence. 


Preliminary baking experiments in the altitude laboratory oc- 
cupied a part of the month of August. These experiments demon- 
strated that accurate physical-chemical measurements on cake batters 
could not be made in a laboratory in which there was so great a flue- 
tuation in temperature as was shown in the pressure chamber. 


In addition to the study of temperature changes and the plotting 
of these on graph paper, much time was spent in studying the wattage 
of the oven and of the heat radiated, this, in order to find out to what 
extent the air in the pressure chamber would need to be heated or 
refrigerated for constant temperature. 


During the past year Professor J. H. Scofield of the Mechanical 
Engineering Department did considerable work on the altitude labor- 
atory. This work included a general overhauling and necessary re- 
pairs and adjustments to the motor, blower, pressure regulator, safe- 
ty valves, etc. Also an extensive study was made on the affects of 
weather upon the laboratory temperature when running at various 
pressure, and various designs for insulation were worked out. The 
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insulation has also been installed. Steam heat was added to the outer 
machine room. Study and correspondence were earried on in an 
effort to find a way to control heating and refrigerating devices which 
will control the temperature to within 1°F. in the laboratory with a 
blast of air entering at all times ranging from — 20° to + 100° F. 
Another series of tests were run at all altitudes and all speeds of the 
motor and various pressures recorded which will permit thermody- 
namic calculations to determine the correct blower speed for each 
altitude. 

In the interval during which the work of insulation was going 
forward, preliminary experiments and the assembling of apparatus 
has occupied the time of both workers. 

Early in the summer the courtesy of the altitude laboratory 
was extended to Earl Working, of the Milling Department of the 
Kansas State Agricultural College for experimental work on his pro- 
ject on bread-making. 

Respectfully submitted, 
INGA M. kK. ALLISON, Head of Home Economies Section. 


REPORT OF THE HORTICULTURIST 
To the Director: 


I beg to submit herewith a brief report on the various projects 
carried by the Horticultural Section during the past year. 


Onion Projects 


1. Cultural Projects.—The improtance of the onion industry in 
the state is well recognized. With the rapid growth of the Valencia 
onion industry, particularly in the Rocky Ford section, the depart- 
ment has undertaken to study the comparative yield and cost of grow- 
ing the Valencia onion from field-sown seed and from transplanted 
seedlings grown in the cold-frames or greenhouse. 

In Northern Colorado the season is too short for the development 
of a maximum crop of Valencia onions from field-sown seed and the 
transplanting method has proved the most successful. This work at 
Fort Collins has been carried on for four seasons and during three 
seasons records have been kept of the yield from transplants. In 1927 
the yield was 1250 some odd bushels. In 1928 the yield was 1541 
bushels and 16 pounds. In 1929 the yield was 1235 bushels. This is 
reckoned on 52 pounds to the bushel. The yield for 1928 was remark- 
able but the season was very favorable for the development of the 
crop and one would naturally not expect yields of this size every 
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year. However, on the whole, the yields are very high and the trans- 
planting method for the Valencia onion should prove profitable to 
this part of the state. 


At Rocky Ford, from incomplete figures, there was very little 
difference in the transplanted onions and the field-sown onions; in 
fact, not enough to warrant the extra cost of growing the seedlings 
and transplanting. However, this first year’s trial is no criterion, 
since the plants for transplanting were grown at Fort Collins and had 
to be shipped to Rocky Ford, resulting in a considerable loss in plant- 
ing. Secondly, the season being 3 or 4 weeks earlier so far as onions 
are concerned, they were not planted until after the field-sown onions 
were planted, so that there was little advantage in the length of the 
growing season. Another year we plan to grow the plants at Rocky 
Ford and to have them in condition so that there will be an ad- 
vantage in the length of the growing season for the transplants. We 
can then get a better comparison than from our first year’s operation. 


The cost per acre of growing the onions by these different meth- 
ods according to figures kept at Rocky Ford, was $176.86 for the 
transplants and $108.93 for the field-sown onions. This difference as 
given would not hold good under proper conditions, as $20.00 of the 
$176.86 was the cost of replanting, which would not have occurred 
had conditions been right. <A figure of $150.00 per acre as a cost 
for growing transplanted onions should be about correct. However, 
cost in onion growing is only relative. So much depends upon the 
character of the land and its conditions. A weedy piece of land 
would, of course, cost more, while the cost would be considerably re- 
duced on very clean land. However, there is probably a differenze 
of one-third in the cost of the two methods and this difference must 
be made up in heavier yields, otherwise transplanting in the Rocky 
Ford section would not be profitable. 


2. Variety Tests.—There has been a considerable amount of com- 
plaint about onion seeds as obtained from various sources, and there 
was an urgent demand for a thoro test of seed and strains of seed as 
obtained from different seed houses. The results of these tests are very 
interesting. They are discussed and tabulated in the report of Mr. 
Allen, who was in charge of the onion work at Rocky Ford, and a 
copy of his report is attached herewith. Tt is very apparent. that the 
present method of buying seed indiscriminately is a very serious one 
and has much to do with low yields and poor quality. This work has 
been of special interest to growers in the valley, and from their ex- 


pressions during those visits, we are sure that the lesson has been a 
a good one. 
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3. Onion-Seed Breeding and Selection.—This phase of our onion 
work is progressing very satisfactorily. It is being carried on at Fort 
Collins. The first part of this project consisted in developing by selec- 
tion a desirable type of Valencia onion so that we would have a pure 
strain of a desirable type. The second part of this program is to 
eross this type obtained as above with the Brown Australian onion. 
This onion is noted for its keeping quality. It has a hard, thick, 
brown, skin, a color that is very desirable in the trade, but its yield 
is unsatisfactory and it does not seem to be adapted to our climatic 
conditions. It is now grown almost exclusively in California. We 
believe that if the yielding and eating qualities of the Valencia onion 
can be combined with the keeping qualities of the Brown Australian, 
we shall have an ideal onion for Colorado. 


Considerable progress has been made in developing pure strains 
of the Valencia. It remains, however, to be seen whether the type 
selected will remain permanent or whether type is a variable factor 
that changes from season to season. Some very interesting results 
have been obtained from this work, but it is not ready for a report, 
since we have not been able to tabulate all the data in connection 
with this project. 


4. Onion Storage.—The heavy losses in the storage of onions 
during the past season made it necessary to investigate the problems 
associated therewith. The following factors were considered: The 
effect of varying length of field curing prior to storage and state of 
maturity of the bulbs at harvest; the effect of close topping versus 
long topping, and effect of careful sorting to eliminate disease ; mois- 
ture and temperature conditions in storage. 

An adobe storage house was built, divided into two compartments 
and suitable self-registering instruments were installed. It is hoped 
that this prdject will give valuable data regarding the factors caus- 
ing present losses in onion storage. 


Head-Lettuce Projects 


1. Development of Tipburn-resistant Varieties of Head Lettuce. 
—This work has been in progress at Fort Collins for the past 3 years 
and we have several crosses between the New York head lettuce and 
the small purple-tipped Mignonette head lettuce. The latter variety 
is resistant to tipburn but is too small for commercial planting. As 
would be expected, the cross breeds show various degrees of resist- 
ance and color. Some excellent heads or crosses were obtained and 
these have been isolated for further selection. This kind of work 
is necessarily slow and often disappointing, but we believe there is 
great possibility connected with it and the work will be continued. 
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9. Fertilizer Work on Head Lettuce.—The fertilizer work on 
head lettuce has given negative results indicating that the ordinary 
garden, soil is not materially benefited from the use of commercial 
fertilizers and for the present we are convinced that the use of barn- 
yard manure with crop rotation is the best and most economical meth- 
od of maintaining or increasing production. We desire to drop this 
project from our program for the present, as there is other work more 
important. 


3. Irrigation.—For 2 years we did considerable work with the 
use of water in head-lettuce growing. This whole subject of irrigation 
is possibly the most baffling of all the cultural practices used in the 
growing of the crop. No formula can be given for irrigation. There 
are, however, periods in the growth of the plant when the use of 
water may be very injurious to the crop. This is particularly true at 
the final stage of growth after the plant is headed but the heads have 
not hardened. If heavy irrigation is given at this time, the results 
have invariably proved fatal, especially during bright, relatively 
warm weather. Seed stocks develop rapidly and the plant is soon un- 
saleable. Different types of soils require different amounts of water 
and different temperatures and humidity call for different amounts 
or numbers of applications of water, so that it is impossible and im- 
practicable to state how many irrigations should be given a crop of 
lettuce. Head-lettuce growing under irrigation is not only a science, 
but a fine art, and the average farmer has to learn by experience and 
observation how to use water properly. 


Garden Pod Bean Projects 


Under this project is included the work connected with the seed 
certification and naturally the bean projects are very closely con- 
nected. 


1. Variety Testing.—During the past season we had planted and 
under observation 175 varieties and strains of garden beans. A large 
percentage of these were from Germany, France, England and Can- 
ada, besides all available varieties and strains grown in the United 
States. In this work we are principally interested in developing 
varieties or strains for the canning industry and for vegetable grow- 
ers in different parts of the country. 


At present there is a great deal of confusion in naming varieties, 
for duplications and interchange of names are frequent. Our first 
task is to get pure and disease-free strains from these varieties to use 
as foundation stock for the work of seed certification. The import- 
ance of this work has been pointed out in previous reports. | 
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Among the foreign varieties under observation there are some 
very promising ones, particularly from England. These would be 
superior to any of our own home-grown varieties, were it not for the 
stringiness of the pod which makes them undesirable to the consumer. 
We hope té be able to make selections from these desirable types and 
eliminate stringiness from them. This, of course, will necessitate sev- 
eral season’s work and the growing of a considerable number of plants. 


2. Selection—With the beginning of the coming season we 
shall start a systematic selection from the best varieties and use 
these as foundation for wider testing and ultimate distribution among 
the growers. In connection with this selection, the disease question 
will be taken up and disease resistance stressed in making the selec- 
tions. Bacterial bight has been one of the most destructive bean dis- 
eases that have occurred in the state and work for the control of this 
disease has been started. 

We were fortunate during the past season in finding a 3-acre 
field badly infected with bacterial wilt. The whole field was com- 
pletely destroyed with the exception of 50 to 70 plants that were 
found scattered over the field and unaffected by the disease. We 
harvested these plants and are going to use them as a foundation stock 
for strain selection, with reference to freedom from this particular 
disease. 

3. Foundation Stock.—(Seed Certification).—With the devel- 
opment of a seed-certification program it is necessary to develop a 
reliable seed supply from which the growers may obtain their seed 
stock for the growing of certified seed. This work of developing 
foundation stock entails considerable work in the way of roguing 
for undesirable types and off varieties so as to obtain a pure line that 
is reasonably free from diseases of all kinds. The lmited acreage at 
our disposal made it impossible to plant our own stock in large quan- 
tities. Our supply of seed stock of the most important varieties will 
possibly amount to 5000 or 6000 pounds. This seed stock is not ail 
that we desired it. to be, but it is a beginning and with improvements, 
that is, by careful roguing in the field during inspections, I believe 
that the seed will be far superior to anything in the market. Mean- 
while, we should make every effort td develop superior strains to re- 
place those that we now have ready. The work must be one of con- 
tinuous progression and improvement. Further, there should always 
be original seed stock available, as the old seed stock in the hands of 
the average grower soon deteriorates and should be discarded. 


Garden Pea Project 
This project has been active for the past 3 years. Our chief 
interest is in the development of improved varieties suited for the 
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production of pod peas in the mountains. We have been fairly suc- 
cessful in this work and are now growing as much as 10 acres of pea 
seed of this improved variety. The seed is sold to vegetable growers 
and the demand has always been greater than the supply. This work 
will be continued. Besides the work of selection as indicated above, 
we have about 50 new varieties under observation. Several of these 
are of the canning type. It is possible that some superior varieties 
will be obtained from this testing and selection work. 
Orchard Management 


This project is carried at Austin. The results have been valuable 
to the growers. The best cover crops for apples are yellow-blossom 
sweet-clover and red clover for a two-season crop, while winter rye 
has proved best for peaches and one-season cover crop for apples. 
Hubam clover gives great promise as an annual cover crop but it is 
often difficult to obtain a stand. 

European-Grape Project 

We now have about three-fourths of an acre planted to the Huro- 
pean grapes. Varieties like Tokay, Malaga, Thompson Seedless and 
Muscat have done well and are producing fair crops. All the Euro- 
pean varieties require winter protection at Austin. The canes have 
to be taken down and covered with earth each fall and uncovered and 
tied up in the spring. This entails considerable work. We feel that 
these grapes can be successfully grown in many places on the Western 
Slope, at least td the extent of supplying the local and even the state 
market. As an extensive commercial crop it would come in direct 
competition with California and Arizona and this competition would 
be hard to overcome. However, for our own market grape growing 
has considerable possibilities. 

The native grapes do exceedingly well and all varieties can be 
grown without winter protection. Considerable planting of this type 
of grape has been made. 

General variety testing of fruits at Austin is in progress, especial- 
ly with several sports of the Delicious and Rome varieties. These give 
great promise and will in the near future replace the old varieties. 
It is the intention not to give these sports new names, but to retain the 
old, since the chief difference is in the color and general attraction 
of the fruit. 


Small-Fruit Projects 
These projects are in care of Professor Lott and his report is 
attached. There are also attached reports by Professor Binkley. 
Fruit Farm at Austin 
| The general situation in fruit production is very much the condi- 
tion in farming. Specialization has developed to a remarkable degree 


Forty-sEconD ANNUAL REPORT 45 


tho there are many indications of a change. Exclusive apple growing 
or exclusive peach growing is a very risky proposition in most of our 
fruit-growing sections, since there is only one source of income. It is 
just as easy to diversify in fruit growing as in farming, and to make 
fruit growing safe and profitable the growers should grow a number 
of fruits. Diversification does not necessarily mean large acreage. 
It can be done on small tracts with better labor distribution and with 
greater safety in income. 


Primarily the fruit farm was bought to demonstrate how fruit 
growing should be done under proper methods of management and 
cultural practices. In addition, it was believed that all kinds of 
fruits that the soil and climate would permit should be grown. At 
the same time, we did not want to make the farm a fruit museum 
and a variety-testing farm. When the farm was purchased it was 
in a run-down condition. The land was impoverished and the trees 
neglected. The work of reconstruction has been accomplished and we 
believe that we have a model fruit farm. The following fruits are 
now being grown: Apples, 12 acres; peaches, 34% acres; pears, 1144 
acres; cherries, 1144 acres; plums, 1 acre; apricots, 4 acre; grapes, 
11% acres; miscellaneous fruits, 1 acre. There is enough of each kind 
to make it commercial. 

Apples and peaches can be shipped in earload lots, while the other 
fruits are usually shipped, either with other growers or by express. 
The local market has been fairly good. The work of changing the 
farm from one-line production to many was necessarily slow, since 
we could not destroy the only source of income by removing the old 
trees. Over half of the apple trees were of unprofitable varieties 
and these were top-worked to more desirable kinds. The old trees 
were planted only 15 feet apart in the rows and half of the trees 
were pulled out. It was all done gradually and we suffered little in 
the quantitative reduction by gaining in quality. The top-grafted 
old trees bore their first crop last year and from now on we should 
just about double our production on the farm. 

In spite of all this work, the farm has been paying and the main 
reason for this has been the quality of the fruit grown. The fruit 
growers in Delta County have taken a great interest in the farm and 
are frequent visitors. We believe we have demonstrated that we can 
grow fruit and this is, after all, what the growers want and expect. 

Avon Farm 

We wish to briefly outline our program at Avon, in order that 

the administration and the board may have a better or fuller knowl- 


edge of this important work. When this farm was purchased it was 
the intention to use it as a mountain vegetable demonstration farm 
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and to carry on certain experimental projects connected with the 
growing of vegetables. While these objects as stated still remain, 
our work, time and experience have shown us that vegetable produc- 
tion in the mountain sections of our state cannot be divorced from 
general crop production and livestock if it 1s to be permanent and 
profitable. Exclusive vegetable growing in the mountains 1s at best 
of short duration, for the reason that only a few kinds of crops can 
be grown due to climatic limitation and hence crop rotation cannot 
be practiced, nor can the fertility of the land be maintained. A 
general statement of the situation as we see it would read as follows: 
Vegetable growing in our mountain sections should be carried 
on in connection with a well-organized system of general farming and 
livestock production. Vegetables should be included as a definite part 
in the system of crop rotation. It would be the cash crop. It would 
provide seasonable work for the help. The part and importance of 
vegetable growing in the general crop rotation should depend upon 
the farmer and his ability of handling the work. The livestock part 
of the program should be fully developed and include such kinds as 
can be carried. This would in many cases call for not only cattle, 
but sheep and, to a limited extent, hogs and poultry. The mountain 
sections as a whole are adapted to diversified agriculture including 
livestock. The crying need today is for more sources of income or 
crop diversification. The present condition in agriculture is due to 
over-specialization, resulting in over production of the stable crops. 
With this in mind we have started a general program for operat- 
ing the farm apart from the experimental projects: An 8-year crop 
rotation system has been adopted as follows: Potatoes first year 
after alfalfa, peas the second year, vegetables (lettuce, cauliflower, 
spinach, beans, ete.) the third year, grain seeded to alfalfa the fourth 
year, and the fifth, sixth, seventh and eighth years to alfalfa. Manure 
to be applied to grain and alfalfa fields. On the livestock side, 
we want to keep as many head and kinds as the farm can support. 
No grain, hay, straw or by-products are to be sold, but fed on the 
farm. On the other hand, no feed of any kind should be purchased. 
The farm should be self-sustaining or self-supporting in this respect. 
; The kind of livestock to be carried may well be a question of 
difference. However, we believe that we should raise our own stock, 
first to insure the right quality, second to make the farm independent 
from buying every year, and the uncertainty’ of obtaining the stock 
and kind wanted. Our aim is to have a fairly definite number to 
market every year, instead of a yearly investment. 
In connection with the livestock program, we wish to make a con- 
fession. For several years past we have studied and dreamed about 
mountain farming in connection with the Avon farm and after some 


Le 
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experience and study we have reached certain conclusions, but know- 
ing the impossibility of putting over a complete program at once be- 
cause of lack of funds, we have been following the installment method 
of asking for a few things at a time. 

Our confession is, that we hope to obtain permission to add 200 
sheep and some brood sows to our livestock program. This expansion 
need not entail the expenditure of much money as we can build up 
in number after getting a foundation stock. Our desire is to develop 
a model farm and to demonstrate what can be done and what we 
mean when we preach diversified farming. We believe that it will 
be worth all that we can put into it and we hope you will agree with 
us. The experimental work should not suffer; in fact, we should be 
able to do this work under more favorable conditions. 


State Horticulturist 


The data for the year are not as yet available, and only a gen- 
eral statement can be made at this time. The peach crop was a total 
failure due to heavy spring freezes. The apple crop was normal and 
for what has been sold good prices were obtained. 

The new cottage was completed at a cost of $2400.00, represent- 
ing the profit of the last year. Mr. Green, in charge of the work on 
the Western Slope, had a busy season traveling over this large terri- 
tory and giving help to the fruit growers. The orchard at Austin has 
had a signal influence on the growers and the industry. The growers 
are convinced that our institution knows how to operate a fruit farm 
and they constantly come to the farm to see how things are done 
and to ask for advice. 

During the winter months growers’ meetings are held all over 
the slope where their problems are discussed and where demonstra- 
tions in pruning and propagation are given. 

During the packing season, demonstrations in packing and grad- 
ing are held at different packing houses. 

We have demonstrated that Colorado apples, properly grown, 
graded and packed, can compete successfully in the open markets. 
For 2 years in succession we have shipped a carload to the auction 
market in Chicago and have topped the market both times against the 
Northwest. This was done to show the growers that selling of the 
fruit is half accomplished if the grading and packing is properly done. 

Each spring at the farm a demonstration is held to teach the 
growers how to make various spray mixtures at half the cost of the 
ready-made mixtures on the market. Instruction is also given on the 
washing and drying of the fruit to remove the arsenical residue. 
Many valuable data on fruit growing have been accumulated and 
these will be embodied in a general report of the state horticulturist. 
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The past season was on the whole a very favorable one for our 
work and progress was made on all projects. Particular attention 
was given to the bean and onion work with special reference to seed 
production in connection with the seed-certification program. 

The report on work with small fruits is prepared by Richard Y. 
Lott, horticultural assistant, as follows: 


Small Fruits 

1. Varietal Trials of Red, Black and Purple Raspberries, Straw- 
berries, Currants, Gooseberries and Grapes.—In this work the stand- 
ard varieties and all of the promising new varieties that can be ob- 
tained are used. At the present time there are growing on the station 
grounds, 18 varieties of red raspberry, 6 varieties of the black rasp- 
berry, 2 varieties of the purple raspberry, 5 varieties of the ever- 
bearing strawberry, 24 varieties of the June-bearing strawberry, 4 
gooseberry varieties, 4 currant varieties and 12 grape varieties. There 
are also 25 plants of the Youngberry. New and promising varieties 
of each of these fruits will be added as they become available. 

“‘The varieties of raspberries and strawberries that have given 
best results at Fort Collins are also being grown at the High-altitude 
Station at Avon. These trials have not been conducted long enough 
at either station to make definite recommendations. 


“<2. Fruiting Habit of the Red Raspberry.—Since the methods 
of pruning and training red raspberries vary widely in different sec- 
tions of the state, this investigation was started in 1929 to determine 
the normal fruiting habit and the fruiting habit under different 
systems of training and pruning. The data that have been secured in- 
dicate that the most efficient method of pruning the Cuthbert red 
raspberry under the hill system of culture is thinning to 8 canes per 
hill and removing 12 to 15 inches from the tip of the cane. The data 
also indicate that the hedgerow system of training is preferable to 
the hill system, since the yield per cane was found to be inversely 
proportional to the number of canes per hill. It was found that in 
the Cuthbert red raspberry the yield per cane and weight per berry 
were significantly greater from canes of large diameter than from 
those of small diameter. This investigation will be continued using 
more varieties and also black raspberry varieties. 


“‘3. Time of Uncovering Red Raspberries.—It has been found 
that the most desirable time for uncovering red raspberries in those 
sections where winter covering is necessary, is Just before the buds 
start to push out into fruit spurs or vegetative shoots. Canes un- 
edvered at this stage in both the seasons of 1928 and 1929 were sub- 
jected to near zero temperature without apparent injury to the fruit 
buds. When canes are uncovered after the buds have pushed out 
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shoots 44 inch or more in length there is often severe injury to these 
shoots from sudden drops in temperature, bright sunshine, or wind or 
all of these factors working together. 


“4, Grape Training.—It has been found that the high renewal 
system of training to a 3-wire trellis is most desirable in these sections 
where winter protection is necessary. Under this system the canes 
can be easily laid down and taken up and the developing fruit gets 
the maximum amount of sunlight and air. Good light and air condi- 
tions are essential in the short growing season that prevails in many 
parts of Colorado.”’ 


The report on work with sweet corn by A. M. Binkley is as 
follows: 


Sweet-Corn Improvement Work for Canning-Factory Varieties 


‘‘During the past few years there has been considerable increase 
in the acreage of sweet corn being grown for the canning factories. 
The quality of the corn being grown has not been up to the standards 
set for eastern producing sections and the yields have been deterior- 
ating quite rapidly. This has been more especially true in the late 
varieties rather than with the mid-season varieties. 


“In cooperation with the Kuner-Empson Canning Company, the 
work of improvement was started this year by selecting good strains 
of canning varieties of sweet corn for this state. There are two main 
varieties now being grown for canning—the Crosby Early and the 
Country Gentleman variety. The Crosby Early is probably the most 
popular of the canning varieties and it requires around 76 days to 
properly mature for canning in this state. The grains are medium 
sized, deep and very high in quality. The Country Gentleman is the 
leading late variety, requiring around 96 days to mature, and it pro- 
duces small, fine grains which are very attractive when canned. They 
are small, slender and are packed so tight on the ear that when shelled 
they have the appearance of shoe pegs. The quality is as a rule very 
good in this variety. 

““The problems of production have been such that the Kuner- 
Empson people have not been able to secure seed of high-yielding 
strains of these two varieties for their acreage in this state. Their 
particular problem with the Crosby Early variety was that the strain 
they were using had picked up a reddish blotch in the kernel which 
made it undesirable for canning. In accordance, we were furnished 
with samples of this variety and during the past growing season we 
have made selections for high yields, quality and freedom from the 
undesirable red blotch in the kernel. 
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Most of their trouble in securing good seed has come up in the 
Country Gentleman variety. They have found that the kernels, as 
produced in this state, will lose their peg-shaped type after growing 
one season under our climatie conditions. Instead of producing the 
same peg-shaped kernel, the kernels revert to a narrow, wide, flat 
type which is undesirable from the canning standpoint. It appears 
that in marketing the canned product the flat kernels are discounted 
on quality. 

“he second problem with this variety is that the strains they 
have been using mature 10: to 15 days too late to secure the prime 
quality for canning. The third problem connected with the matter of 
selecting the best strains is that of barrenness. It appears now that 
the seed furnished to growers by the canning company is very high 
in the percentage of barrenness. In accordance, a strain test was 
conducted on the better strains of the Country Gentleman, furnished 
by commercial seed companies, and strains that were selected by the 
canning company men in the Brighton district. An improvement, 
program was laid out which was planned for the purpose of selecting 
an early maturing variety, one which maintained its peg-shaped ker- 
nel and one which produced a small percentage of barren stocks. 


‘The results of this year’s work have produced some very prom- 
ising selections of pure-line individuals. The plan this past season 
was to select self-pollinated or pure-line individual plants and the 
process of stabilizing the desired characteristics started. After such 
plants have been inbred for two or three generations, it is planned to 
cross-breed such selections. Self-pollinated individuals as a rule lose 
vigor, are slightly reduced in size, and are low in yielding ability. 
Therefore, it is thought by crossing the inbred or pure-line strains that 
the vigor and yielding power can be brought back into the plants. 


‘The following table shows that the quality of the seed corn being 
used by the canning factories is very low and that there is consider- 
able need for improvement by careful methods of selection. It will 
be noted that the percentage of barren stocks varies widely in differ- 
ent strains. This factor is of considerable importance to the growers 
of canning-factory sweet corn, as the yields are reduced from 33 to 65 
percent per acre, due entirely to barren stocks in the field. 

“From a study of the foregoing table it will be observed that 
there is a wide range in the days required to mature and the per- 
centage of barren stocks. The seed that has been selected in this 
state shows a much smaller percentage of barren stocks in comparison 
with that from the middle western part of the United States. How- 
ever, in all cases the time required to properly mature the corn for 
the canning factory is from 11 to 14 days longer than the standard 
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time required for the variety. The earliest maturing corn is the No. 
2 strain of the E. B. Clark Seed Company, which matured in 98 
days. However, the percentage of barren stocks was around 44 per- 
cent which makes it undesirable for use in this state. 


CANNING-FACTORY SWEET CORN STRAIN TEST 
COUNTRY GENTLEMAN VARIETY 


No. of No. of No. of Barren Days to Percentage 
Strain Hills Stalks Stalks Mature Barren 
E. B. Clark 
Seed Co. 
No. 1 44 71 3 102 49 
E. B. Clark 
No, 2 88 159 76 98 44 
Hoopston 
Seed Co. 44 75 4) 105 53 
Home Grown 
Nes 1. 
Brighton 8s 194 73 103 37 
Home Grown * 
No. 2 
Brighton 88 200, 66 100 33 


Time of maturity based on the number of days between date of planting and 
the date the ears were in full silk stage. : 


The most desirable strain from the home-grown viewpoint is the 
No. 2 selection of the seed grown at Brighton, Colorado. The per- 
centage barren stocks amounted to 33 percent which is approximately 
40 percent lower than the average of the seed secured from the com- 
mercial seed companies. There has been some progress made on early 
maturity. However, the strain is not quite high enough as far as 
quality is concerned. The table does not include the shape or char- 
acter of the ear or the quality of the kernel, all of which must be con- 
sidered in the selection of a desirable seed form. 

‘The results show conclusively that the quality of seed corn be- 
ing used is very low and emphasizes the active need for seed-selection 
work. Unless this is taken care of it will be impossible for the can- 
ning companies to compete with the canned corn on the market as 
grown in the mid-western states.’’ 

The report on the work with horticultural seeds by Mr. Binkley 
is as follows: 


Progress Report on Certification of Horticultural Seeds 


The horticultural seed situation within the state and in the south- 
ern states is very unsatisfactory and has occasioned heavy losses to 
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growers. During the past erowing season there have been many com- 
plete crop failures reported on a good many of the vegetable crops. 
A good percentage of these losses were reported principally on snap 
beans, due to the use of ordinary seed sold by seed companies which 
in many cases carried seed-borne diseases. The losses on pod pea and 
onion yields can also be largely attributed to the purchase and plant- 
ing of poor seed. 


Besides the losses experienced by growers in this state, there have 
also been many failures reported on such crops by vegetable growers 
in the southern and eastern states. During the past growing season 
there have been requests for high-grade snap-bean seed which requests 
ran up as high as 600,000 pounds of good seed. In addition there 
has been an active demand in the East for several thousand pounds of 
certified onion seed. Also, there have been requests for carefully se- 
lected cucumber and cantaloupe seeds. 


In consideration of the above demands, it can be readily seen 
that there is an urgent call for certified seed for interstate trade. 
These states recognize the fact that Colorado is favorably located so 
far as soil, climate and elevation are concerned, to produce the high- 
est-grade seeds obtainable. It can also be observed that from the un- 
satisfactory reports and the demand for good seed, the seed companies 
are not furnishing the growers with the quality seed they demand. 


The problems confronted in the production of certified horticul- 
tural seeds differ considerably from those common to the growing 
of field crops. In the first place, the intensive cultural requirements 
of horticultural crops are such that they are grown on high-priced 
land and the production costs per acre are usually high. Further- 
more, profitable crop requirements in horticulture call for high stand- 


ards of earliness, uniformity and quality, coupled with high quantity 
production per acre. 


In considering all the factors which enter into the profitable pro- 
duction of intensively grown crops, the seed planted is of the greatest 
importance. It is fundamentally important to know the yielding abil- 
ity of varieties, their disease resistance, the uniformity in quality and 
the other factors which ultimately determine the market value of 
the crop. Therefore, in looking and planning ahead, the horticul- 
tural department has recognized these factors and their importance 
in producing a profitable crop. Recognizing the limiting factors in 
production as being more or less of a hereditary nature and seed 
borne, the certification plans were based on extensive variety trials. 


In accordance, a pea-variety trial was started 3 years ago which 
contained something over 650 varieties of peas collected from all over 
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the world, for the purpose of standardizing and eliminating varieties 
which were unadapted to conditions within this state. As a result of 
this variety trial, we now have very superior strains of the Dwarf 
Telephone variety which are now being certified. During the past 
growing season, around 13,000 pounds of pod-pea seed were officially 
certified. In addition to seed certification, the department has been 
increasing foundation stocks of several of the varieties which have 
proved to be especially desirable for planting by the canning factories 
and the market growers. These foundation stocks have been increased 
so that the coming year mdre certification will be conducted on pod 
peas. 


On snap-bean seed during the past growing season an extensive 
variety trial was conducted which contained all of the principal snap- 
bean varieties now being grown in this country and in Europe. The 
purpose of this trial is to study the different varieties dbserved and 
performance under our conditions and eventually select the most de- 
sirable ones for use in the state. Since the main difficulty in the 
production of snap beans comes from the transmission of three seed- 
borne diseases, it is essentially important that very careful attention 
be given to roguing and the selection of individual plants to eliminate 
the disease hazard. The department has been carrying on a selection 
and roguing of the Giant Stringless and Stringless Refugee for the 
past 3 years, and these 2 stocks are practically free from disease and 
are the increase from high-yielding individuals. During the past 
year there were around 40,000 pounds of late Stringless Refugee seed 
certified for use in this state. Of the Giant Stringless there were 
around 40,000 pounds certified from the original selected for inter- 
state trade. 


From the experimental side during the growing season of 1928, 
individual plant selections were made of the following varieties: 
Burpee’s Stringless Greenpod Bountiful 


Late Refugee Refugee 1000 to 1 


In addition to this, mass selections were made, both on the Little- 
ton sub-station and at Fort Collins, from carefully rogued strains of 


Black Valentines Currie’s Rust Proof 
Full Measure Davis White Wax 


In summarizing the amount of bean-seed stock on hand at the 
present time for next season’s work: 
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Increase in Foundation Stock—1929 


Amount Grown 


Variety Ayon Fort Collins Western Slope 
Davis White Wax 200 lbs. 100 Ibs. 300 Ibs. 
Currie’s Rust Proof 100 200 300 
Burpee’s Stringless Greenpod WOOO: eee cen 
Bountiful £2, renee 24 ~ oe Rees 

(2 strains) 
Late Stringless Refugee 300 100 400 
Early Refugee 1000 100; 9 ee 
Black Valentine Discard T50b, 2) Skies 
Giant Stringless 100 40 eee 
Full Measure 2 wevene ee UW 6 neers 


The above list is from foundation stock increase and represents 
disease-free stocks. During the coming season it will be necessary to 
increase these selections on a mass scale in order to produce sufficient 
seed for distribution. 


In carrying on the certification of horticultural crops it is the 
policy of this department to carry on a test plot of each strain of 
seed certified by the department. This policy is now being followed 
in connection with the certification of seed potatoes, and every grower 
is required to send a sample to the high-altitude farm for observation 
and study. This practice will also be followed in certifying vegetable 
seeds. It is very important. For example, the tendency is for snap- 
bean seed to pick up disease and run to flat pods. There are three 
seed-borne diseases which must be carefully checked before the seed 
ean be certified. This can be partly accomplished by careful records 
taken during the germination and purity test by the state seed analyst 


and a further check will be had when the seed is planted in the 
test plots-after it is certified. 


At the present time there has been no onion seed certified because 
of the small acreage now being grown in the state. Ags with the other 
two above-mentioned crops, an onion variety trial has been started 
for the purpose of establishing a set type for each variety. After 
these varieties have been standardized, such seed as meets the require- 
ments of the state horticulturist’s office will be certified. 


On vine-seed crops there is an active demand for certification, 
but due to the lack of standardization and confusion among seed- 
growers and the large number of varieties, no intensive certification 
program has been outlined. There has been a small quantity of canta- 
loupe seed of one established variety certified during the past season. 
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Estimated Amount of Certified Seed—1929 


Pea Seed 
Pounds of Seed 
Variety Certified 
PCa Ole NGG? see oi 0) ee Oe oe ee ee 1500 


(14,000 rejected) 


Snap-bean Seed 
Pounds of Seed 


Variety . Certified 
piringiess Refugee (Canning Type) 202 ccc 43,000 lbs. 
Giant Stringless (Fresh Market Type) ...........2.2...:2000000.--- 40,000 lbs. 

0 2 ieee Re Re ORES Le on Lo TRE 83,000 lbs. 


ER eae WV NOTA Nee see ce meee oe APRS a i ee 250 lbs. 


The report on the work with onions was prepared by Earl J. 
Allen, and is as follows: 


Report of the Work at the Racky Ford Station—1929 


1. Onion Variety Trials.—Yields were low in the variety trials, 
as was the case with all the onion yields, but very good comparative 
results were secured. The Valencia onion was first in tonnage pro- 
duced, with the Denia and Gibraltar next in order. The Mountain 
Danvers gave the lowest yield. Detailed information resulting from 
these trials will be found in the accompanying tables. 


2. Onion Strain Tests.—The strain tests gave some interesting 
results, showing marked difference in yield and demonstrating the 
value of a good source of seed. This information is also presented 
in tabular form. 


3. Transplants and Field-Sown Onions.—In this project, an acre 
of each type of onions was grown. Exact costs of production, includ- 
ing harvesting, were kept on each plot. The cost of producing the 
acre of field-sown onions was $108.93. That of the transplants was 
$176.86. The yield for each acre plot was 426 crates. However, due 
to the variation in the amount each erate held, the exact yield for 
the plots will not be determined until the onions are sacked and 
weighed when sold. 

4. Storage of Onions.—At the present time, several experiments 
are being carried on in regard to storage of onions. The results from 
this work will not be available until the storage season is over. 
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The projects being carried on are as follows: 


1. A comparison is being made of onions kept in the experi- 
mental compartment, having added ventilatién by means of bottom 
ventilators, as to onions kept in the check compartment, wherein 
ventilation is supplied with windows and doors only. Twenty-five 
erate lots of onions are being used in this experiment and loss in 
moisture and from rot will be determined. 


2. Tayo erates of onions were topped very close to the bulb. Two 
erates were topped leaving a top length of 1 to 14% inches. Rot and 
moisture losses are being determined. 


3. Ten erates of cull onions, 10 crates of graded onions and 10 
erates of field-run onions are being kept under similar conditions. 
Losses from rot and moisture are being recorded. The possibility of 
eull and rotten onions in field-run bulbs being a factor in causing 
loss in storage will be studied and the value of grading onions before 
storing considered. 


4. Ten crates of onions were cured under canvas. These are be- 
ing compared in keeping quality with 10 crates cured in the open. 


5. In the field-curing project, 5 crate lots were used. In curing, 
the length of time the onions were cured in the field ranged from 1 
to 21 days. The object of this experiment is to determine the length 
of time onions should be cured in the field, and whether or not thore 
drying-out will improve their keeping qualities. 


6. HF ifty crates of the transplanted onions are being compared 
as to keeping qualities with 50 crates of field-sown onions. 


7. Records are being kept on the onion varieties and strains in 
order to compare their keeping qualities. 


8. The effect of freezing upon the keeping quality of onions in 
storage is being studied. 


Cantaloupes.—Approximately 1 acre of the land was planted to 
cantaloupes for seed production. The vines were slow in getting start- 
ed. but were coming along nicely until the first part of September. 
when the entire patch became infected with rust, the vines eoing 
down at once. It was decided that the melons were too immature to 
harvest for seed and the project was abandoned, 
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Broccali.—kour rows, approximately 125 feet long, of this crop 
were set out. The plants seemed to do very well, but due to my un- 
familiarity with the crop and to lack of knowledge as to how it was 
harvested, no yield records were taken. From the success that growers 
in the Pueblo district had with broceali during the past year and from 
its seeming adaptiveness t6 the Rocky Ford district, it would be well 
to carry on further trials with this crop during the coming year. 


Tobacco.—Plants of four varieties of tobacco, namely, Banner of 
Brazil, Leaf, White Burley, Havana and Cuban Shade, were sent 
down from Fort Collins. These were set out but a great number 
failed to live. Replants were obtained but an error was made in re- 
planting which so hopelessly mixed the varieties that it was impossible 
to differentiate between them. The plants grew very well but the 
one hail of the season came during the second month of the summer 
and so badly riddled the leaves of the plants that the quality was 
ruined. This seemingly indicates that tobacco as a commercial crop 
would be too risky a proposition in a region subject to hails. 


Cauliflower.—Two thousand plants of the Early Snowball variety 
were set out along with approximately 100 plants each of the Danish 
Perfection and Matchless Spring varieties. These plants did not do 
very well. Growth was slow. Harvesting commenced during the latter 
part of July. A total of 871 heads were cut; of this number 29.60 per- 
cent were good, 44.64 percent ricy, 21.92 percent leafy and 3.44 per- 
cent had thrown up seed stalks. The remainder of the crop was in such 
bad shape from attacks of grasshoppers and cabbage worms that har- 
vesting was stopped. 


Carrots.—Due to the increased interest in carrots as a commercial 
crop, a few varieties were tried out. These varieties were: The 


YIELD OF CARROTS BY PLOTS AVERAGE YIELD OF CARROTS 
Plot Yield Per Yield Per Yield 
No. Variety Plot Acre Variety Per Acre 
51 Hutchinson 229.5 37,488.82 ILutchinson 31,404. 19 
52 Long Orange 125.5 20,500.42 ! Long Orange 20,401.37 
53 Oxheart 282 46, 064.7 Plots Oxheart 45,171.55 
54 Chantenay Half-Long 133.5 21,807.22 f 160 ft. long Chantenay 
55 Danver's Half-Long 127.5 20,827.12 Half-Long 20,588.05 
56 New Coreless Nantes 24.5 4,002.07 Danver’s 
57 Danver’s Half-Long 299. 69,774.64 ) Half-Long 45,300.98 
58 New Coreless Nantes 49.5 11,551.32 New Coreless 
59 Long Orange 87. 20,302.32 | Plots Nantes 4,276.69 
60 Hutchinson 108.5 25,319.56 112 ft. long 
61 Oxheart 190. 44,338.4 


62 Chantenay Haif-Long 83. 18,368.88 J 
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Hutchinson, Long Orange, Oxheart, Chantenay Half-Long, Danvers 
Half-Long and the New Coreless Nantes. The results obtained are 
presented in tabular form. 

Respectfully submitted, 


E. P. SANDSTEN, Horticulturist. 


REPORT OF THE IRRIGATION ENGINEER 
To the Director: 


I wish to submit the following as a brief report concerning the 
work of this section during the past 12 months: 


Pumping Project.—This project was started in 1928 and is sup- 
ported by state funds. Resulting from the preliminary survey of the 
state, a brief report was prepared by W. E. Code, entitled, ‘‘Sugges- 
tions Concerning Small Irrigation Pumping Plants,’’ which was pub- 
lished by the Experiment Station as bulletin 350, January, 1929. 

During the past summer season a detailed study was made in Weld 
- County for the purpose of determining the relative costs of irrigation 
by pumping and that supplied as ditch or reservoir water. Thirteen 
individual farms were under consideration, where five were served 
by ditch and reservoir water, and eight served by pumping from wells 
and low-lying laterals. 


This study also included the gathering of data relative to crop 
production, soils and other pertinent facts. During the past 2 years, 
data have been collected as to underground water-bearing areas in var- 
ious parts of the state, and it is intended to ultimately prepare maps 


indicating the areas most probable for dependable underground water 
supplies. 


Measurement of Water.—This project has been active for a num- 
ber of years and was originally carried as an Adams project; later 
the work was supported by Hatch funds, and at present by both Hatch 
and state funds. Government funds have been used to support this 
project since its inception. Under this project has come the develop- 


ment of the improved Venturi flume, which at present is concerned 
with large-sized structures. 


; In December, 1928, a 40-foot reinforced concrete improved Ven- 
turi flume was completed on the Fort Lyon Canal near La Junta, the 
largest yet constructed. Since its completion a number of current- 


Forty-sECOND ANNUAL REPORT 65 


meter check measurements of the rate of discharge have been made. 
These measurements appear to agree remarkably close to the com- 
puted value, where the conputation is based on the law of flow set 
up at the time the structure was designed. Measurements made on the 
20-foot reinforeced-conerete improved Venturi flume on the Holbrook 
Canal near Rocky Ford, built October, 1927, show very close agree- 
ment with the law of discharge. For submerged-flow conditions on 
this Holbrook flume, tests indicate a marked consistency in the rela- 
tion to the computed discharge. Because of the apparent reliability 
of these large flumes now operating under conditions which hereto- 
fore were entirely unsatisfactory, there is now contemplated the instal- 
lation of several more large flumes of this type on the canals diverting 
from the Arkansas River between Pueblo and the Kansas state line. 


Information has reached us from the Hawaiian Islands to the ef- 
fect that a large number of the smaller-sized improved Venturi flumes 
and now in use in the measurement of irrigation water on several of 
the large sugar plantations. Communications from many foreign coun- 
tries cite the use of this measuring devise. 


At the hydraule laboratories a new type of measuring device is 
being investigated called the adjustable tube meter which is intended 
for the measurement of relatively small flows, that is to say, less than 
50 second-feet. The experimental model has a capacity of about 7 
second-feet. This device possesses the following desirable character- 
istics: The ability to operate under excessive sand or silt conditions ; 
measurement with small loss of head, or, in cther words, in a channel 
of slight grade. It is so equipped that the rate of discharge 
can be determined by the simple multiplication of two indicated 
values. It is believed that when this new scheme is fully developed, it 
will be possible to successfully meet all conditions of measurement un- 
der irrigation practice. This adjustable tube meter will be particular- 
ly well suited to the distribution of the water supply to the farmer 
which will result in a more equitable apportionment, a greater satis- 
faction to the user, and a tendency to broaden or increase the bene- 
ficial use of the present water supply which is of inestimable value. 


Instruments have been developed as accessories both to the im- 
proved Venturi flume and the adjustable tube meter. A double-head 
recording instrument has recently been perfected to be used in connec- 
tion with the flume, especially the large sizes now in use in the Arkan- 
sas Valley. The instrument, as an accessory to the adjustable tube 
meter, indicates the square root of the difference or effective head, 
where this reading, multiplied by another indicated constant, gives 
the rate of discharge. 
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Some special work has been done at the Bellvue laboratory in cdn- 
nection with a study of the measured discharge by use of the current 
meter in comparison with this identical flow over a standard calibrat- 
ed rectangular weir. This work is primarily to round out the previous 
current-meter study and incidentally to provide basic data for guid- 
ance in the current-meter measurements in the field on the discharge 
thru large improved Venturi flumes where the depth of water is com- 
paratively shallow. 


A few days were spent at the Bellvue laboratory during Novem- 
ber in making some preliminary studies as to the recovery of head 
in an outlet transition section. 


Evaporation from a Free Water Surface.—This project, carried 
cooperatively on government funds, and supported by Hatch and 
state funds, has been virtually completed. A detailed report covering 
this extensive study has been prepared by Carl Rohwer. This report 
includes the results of the laboratory work done here at Fort Collins, 
as well as studies made at various points thruout the West in the 
determination of the relation of altitude to the rate of evaporation. 
To complete the full range of altitude, Mr. Rohwer made observations 
at Imperial, California, at an elevation of 68 feet below sea level, 
and at the summit of Pikes Peak at an elevation of 14,109 feet above 
sea level. This report is to be published as a bulletin issued by the 
U. 8. Department of Agriculture. Subsequent to the preparation of 
this report, a series of evaporation observatigns has been conducted, 
where the water surface was covered with a thin film of light oil. 


In connection with this project, there has been conducted a minor 
study on the rate of evaporation from the surface of moist soils and 
sands, with water tables at 1, 6 and 12 inches below the evaporating 
surface. This last season the moist-soil equipment was altered so as 
to have the water table at 6, 12 and 18 inches below the surface, and 
instead of maintaining an exposed surface void of vegetation, there 
was provided a sod covering of blue grass and sedge or swamp grass, 
in dupheate in the tanks having the different water tables. Check 
tanks were maintained without crop. 


Meteorology.—This has been a continuing project for many years 
and is supported wholly on state funds. R. E. Trimble, observer, who 
has had charge of this work for about 39 years, has prepared a report 
on the Climate of Colorado, published as Bulletin 340, Colorado Agri- 
cultural Experiment Station, December, 1928. This bulletin reports 
the averages for the past 41 years for Fort Collins, as well as for a 


period of years for other points in Colorado where cooperative weath- 
er stations are maintained. 
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Project Work for the Coming Year.—Projects which are to be 
given attention next year will be the continued study on the large 
improved Venturi flume, with the ultimate view of preparing and 
publishing a report covering the investigation of the larger sizes of 
this type of measuring device. This will be under the general pro- 
ject on measurement of water. Under this same project, it is ex- 
pected that further work will be conducted on the subject of weirs, 
and at the conclusion of which a revision of the entire study on weirs 
will be prepared for publication. The matter of further extended 
research on the adjustable-tube meter is highly desirable, and it is the 
intention also at this time to test this device in the laboratory for dis- 
charges of 50 to 75 second-feet. This work is also under the project 
on measurement of water. 


The project on pumping for irrigation and drainage will be con- 
tinued. No definite plans as to a special field study for next year 
have been made, but because of all the necessary equipment. available 
for such a study, it is believed to be highly desirable to continue at 
least one more year in the study of the relative costs of ditch and 
pumped water for irrigation. General observations on pumping and 
well data will be secured, also detailed information on the study of 
a well near Eaton which is expected to show results from the stand- 
point of pumping for drainage. 

The work on the evaporation from moist soil surfaces will be con- 
tinued, where sod grass is maintained as previously described. This 
work will be done under the project on evaporation. 


Published Articles—Only one article has been contributed for 
publication outside of the official bulletins, namely, Experiments to 
Determine Rate of Evaporation from Saturated Soils and River-bed 
Sands, by R. L. Parshall, appearing in the April, 1928, Proceedings 
of the American Society of Civil Engineers. 

Respectfully submxted, 
R. L. PARSHALL, Irrigation Engineer. 


SECTION OF VETERINARY PATHOLOGY 


To the Director: 
Sheep Losses in Feedlots 


Coccidial dysentery seems to be unusually prevalent this fall, 
we having been privileged to study six different outbreaks. While 
the disease has affected several hundred lambs, the mortality is com- 
paratively small, especially when skillfully treated. 
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There were also an unusual number of cases of pneumonia giving 
us opportunity to extend our observations on the bacteriology of this 


condition. 


We were able to find another outbreak of paratyphoid dysentery 
which is the first since the large epidemic we described in 1923. We 
have submitted a paper on this outbreak for publication. The history 
indicates that going without feed and long-distance shipping were 
large factors in the causation of the disease. The total loss out of 
1600 lambs was only 30. 


At the request of the U. 8. Biological Survey we carried on a 
few experiments on the toxicology of thallium sulphate with sheep. 
A sheep weighing 83 pounds and receiving 14 grains of thallium sul- 
phate mixed with oats died in 9 days. One weighing 103 pounds and 
receiving 7 grains of the poison, survived but lost most of its wool. 
Tn other animals the loss of hair is considered quite typical of thalli- 
um poisoning, but it was not known until now that the same result 
would be had with sheep. This work will shortly be offered for pub- 


lication. 


Death Losses in Lambs on Heavy Grain Feed 


The work on the presence of spore-bearing pathogenic anerobes 
in the spleens of sheep has been finished and accepted by the Journal 
of Infectious Diseases for publication. It shows that 66 organisms of 
this type were encountered in the spleens of 200 sheep. Of these 66, 
58 were C. edematis; 6, C. welchii and 2, C. novyi. On the basis of 
the clinical diagnosis, it is apparent that these organisms have no 
relation to overeating nor any of the other clinical diseases in which 
they were found. The longer the animal has been dead the greater 
is the hkelihood of one of them being isolated from the spleen, indi- 
cating that they are merely cadaver bacilli. 


The examination of the urine of cases of overeating continues to 
reveal quantities of sugar in most instances. 


Icterohematuria 


The survey of this disease in the state made by Dr. Floyd Crogs 
during the summer shows that it is most prevalent in the mountainous 
area of Jackson, Grand, Routt and Moffat counties, with single out- 
breaks occurring in sheep from Lake, San Miguel and Dolores. The 
survey shows that during the last 9 years the disease has not materi- 
ally increased as we had presumed, but that it develops in proportion 
to the new sheep brought in and run under our mountainous condi- 
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tidns. The high point was reached in 1927 when 614 animals were 
lost from this disease. Apparently the heaviest loss comes in the 
first winter after the animals have been ranged on our forest reserves. 
Following this the disease subsides until outside animals are again im- 
ported. The solution seems to be to raise our own breeding stock as 
far as possible. 


Contagious Abortion 
The college herd continues clean. 


The range-management herd suffered a serious outbreak in Feb- 
ruary of this year, due, as we learned later, to neighboring cattle be- 
ing allowed to water in the same lake with our range animals. By 80- 
day testing and sale, the herd now appears again to be clean. 


The herd at Fort Lyon suffered three successive waves of re-in- 
fection in the course of approximately 2 years. This finally resulted 
in the infected herd being moved to an entirely different farm, since 
which time the clean portion has passed two tests without a reactor. 


Abortion disease as transmitted to man going under the names of 
undulant or malta fever, is receiving increasing attention. Two hu- 
man cases have come under our observation, both of which gave posi- 
tive agglutination tests and from one of which we were able to 
isolate the organism from the blood stream. The report of one of these 
cases has been published in ‘‘Colorado Medicine’’ in collaboration 
with Dr. J. D. Carey in whose practice the case occurred. 


Coccidiosis in Cattle 


We must again report no progress on this project thru lack of 
material and time of the workers. 


General 


Tabulation of our diagnostic work done in the laboratory follows: 


PROVLSN - <2iazesearnesane ee ee saree OD iss UVES MEN XO NY fe es ae pe sore geopeseeesreetergt 423 
Bovine ......-:- sec satel stesies oreaadtcl chase ones 278 OVI See Bees as. - 

Canine ees yee .- OF Rodents -... 

DEY ORV ANTS setae so.ac ccbgo de onal eeeteeremate=nepae coms esanne 25 ST TUL SS) esas ceceeeeneceetame acc ncannanmassaucaievan gauetarsceneccas RAL 
Baby chicks examined for white diarrhoea : iLO Lots 100: positive 
Examinations for rabies ............. See Ce oe kasd 5D 29 positive 

Blood Tests 

Contagious Abortion (Bovine) sence 705 positive 23.56 percent positive 
Contagious Abortion (Swine) ............... 40 6 positive 15.00 percent positive 
WU MO TSUEINO CE sere, cnc vlcccssievecsavevaancnsa0s 10704 1121 positive 10.47 pereent positive 


Respectfully submitted, 
I. E. NEWSOM, Veterinary Pathologist. 
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REPORT OF THE VETERINARY SECTION 
To the Director: 


In the Veterinary Section there is but one project, that of an:- 
mal diseases. This is a state fund project and as the name indicates, 
is a general project and does not contemplate prolonged field and 
laboratory investigations. Such work is carried on in the Section of 
Veterinary Pathology. We are cooperating by supplying material 
for both clinical and laboratory diagnosis and by field observations. 


Diseases of livestock that were conspicuous a few years back are 
now relatively unimportant. New disease conditions are constantly 
appearing and must be met by adequate phophylactic and thearapeutie 
measures. Malignant catarrhal fever has been quite prevalent but in 
most instances has appeared in a mild form. Among the newer 
diseases, or perhaps more appropriately, those which have more re- 
cently been recognized, are anemia in pigs, preparturient paralysis in 
ewes, coccidiosis in several species of farm animals, paratyphoid con- 
ditions, undulant fever associated with the abortion disease of cattle, 
and chronic progressive pneumonia of sheep. 


The heavy losses of lambs in the feedlots appears to be caused 
both by over-feeding of concentrates and a variety of infections. No 
one infection stands out conspicuous in this respect. The vitality of 
animals and shipping conditions seem to constitute the key to ship- 
ping losses. 


We wish to continue with the one project of animal diseases. 
Articles written for publication have been in connection with the edi- 
torial news service of the college, and for farm journals. 


Respectfully submitted, 
GEO. H. GLOVER, Veterinarian. 


ENGINEERING DIVISION 
To the Director: 
I am transmitting the annual reports of the Civil Engineering 


and Mechanical Engineering Sections of the Engineering Division of 
the Experiment Station. 


Respectfully submitted, 
LD CRAIN, Chairman and Vice-director. 
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REPORT OF THE CIVIL ENGINEER 


To the Vice Director: 


I submit herewith the annual report of the Civil Engineering See- 
tion of the Colorado Experiment Station. 


The work of this section during 1929 may be summarized under 
three main divisions: 


1. Research and experimentation. 


2. Testing highway materials for use in state and federal-aid 
roads. 


3. Cooperative testing and investigation of materials and pro- 
cesses which are to be used in actual highway construction and the use 
of information so gained as a basis for conclusions in connection with 
Experiment Station projects. 


I. The work under research and experimentation has been con- 
fined to one project, the heaving of concrete slabs, which was started 
in the winter of 1927-28 under the supervision of D. J. Tripp. Before 
his resignation on September 1 of this year, Mr. Tripp tabulated all 
the data which had been collected on the experiment up to August 1, 
1929. From this data he plotted curves of slab movements, soil tem- 
peratures and soil-moisture conditions and wrote a progress report of 
the entire project from its start up to August 1, 1929. 


It is our opinion that sufficient data have not yet been collected 
to form a basis for any definite conclusions as to the effect of sub- 
soil heaving on concrete slabs. It is, therefore, thought advisable to 
continue the observations thru another winter and summer and at the 
same time, to make some observations on slabs of pavement in actual 
service to supplement those on the test slabs. I have consulted Mr. 
Maloney, assistant engineer of the State Highway Department, and 
have his sanction on my proposal to place plugs and reference bench 
marks in the pavement for the purpose of making these supplementary 
observations. The data up to the present time show a very small and 
an irregular movement in the slabs. If future data are the same we 
shall get little out of this experiment. 


Nothing has been done on the project recently outlined and sub- 
mitted by Mr. Tripp on light asphaltic road surfaces. A similar ex- 
periment has been outlined by the Bureau of Public Roads to be 
worked out this coming season somewhere in the West and my first 
thought on learning of this, was that we should drop this project 
in order to avoid duplication of work. However, after talking with 
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Mr. Maloney and with Mr. Williamson of the Bureau of Pubhe Roads, 
I find that the bureau’s project may be carried out in New Mexico or 
even as far away ag California, which would mean that results ob- 
tained would not apply to conditions in Colorado. In that case, I 
believe we should plan to carry out the experiment next summer. Mr. 
Maloney expressed the belief that the State Highway Department 
would be willing to construct the road which would consist of about 
10 miles of experimental sections 4% to 34 miles each in length, as a 
part of the 1930 improvement program, the specifications for each 
section to be written jointly by the testing engineer at this institution 
and the highway engineers, and all data and observations to be taken 
by the testing engineer of this institution. 

It is my opinion that the 1 year suggested by Mr. Tripp in his 
outline of the project would be inadequate to alléw us to observe the 
wearing qualities and maintenance costs on such a road and I would 
suggest that at least 3 years be taken in which to make observations 
before we draw our final conclusions. It is true that much will be 
learned in the first winter after the road is built and this knowledge 
will be immediately available as a tentative guide in building future 
roads, but I feel that our final conclusions should be based on more 
mature observation. 

II. Testing materials, concrete cylinders and pavement cores for 
the State Highway Department has composed a large part of the lab- 
oratory work during the past year. A total of 1755 samples and test 
specimens has already been tested since January 1, 1929 and this 
total will reach approximately 1900 by December 31. Of the speci- 
mens handled up to date, 1476 were concrete cylinders from new pave- 
ment and structural work; 130 were subsoil samples; 30 were surfac- 
ing material for oil treatment; 6 were surfacing aggregates not to be 
treated ; 64 were road oils; 44 were concrete core samples of old pave- 
ment and 5 were asphalt. 

We now have on hand 163 cores; 621 soils and 15 oil samples 
which we shall work on this winter while road work is quiet. It will 
take all our laboratory force all winter to do this work. 


Ill. Under the heading of cooperative testing, some work was 
done during the year on oil mixtures and also on subsoils. It is my 
understanding that samples of road oil were sent in for tests by the 
highway department and that while these tests were being run, mix- 
tures were made of the oils and the mixtures were also tested with the 
idea of arriving at a method of controlling the product to be used 
by blending or mixing oils having varying properties. 


Samples of subsoil sent in by the highway department were tested 
for stability as pavement foundation and the data obtained in addition 
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to being reported for the information of the Highway Department 
were preserved and used as a basis for conclusions in connection with 
our own subsoil studies for the Experiment Station. 


Since taking over the work of testing engineer on October 1, 1929, 
Mr. Carpenter has found it necessary to make rather extensive repairs 
on much of the equipment in the laboratory and he now has in mind 
several improvements which, while not expensive, will greatly improve 
the appearance of the laboratory and expedite the work therein. 


Respectfully submitted, 
K. B. HOUSH, Civil Engineer. 
Approved: L D CRAIN, Vice-director. 


REPORT OF THE MECHANICAL ENGINEER 
To the Vice-director of the Experiment Station: 


Following is the annual report of the Mechanical Engineering 
Division of the Experiment Station of the Colorado Agricultural Col- 
lege. 


During the past year, this section has devoted its time to the 
following projects: Proximate analysis of Colorado coals, ventilation 
of new library, drying potatoes for stock feed, and gasoline economy 
in automobile engines. 


Project No. 1 was completed during the year. Samples of the 
commercial cdals in northern fields of Colorado, North Park, and 
Southern Wyoming: were tested for moisture, volatile matter, ash, 
fixed carbon, and B. T. U. content. Results of these tests are kept on 
file for use in determining the particular coal to buy for a given pur- 
pose. 


Project No. 2 was an investigation to determine the reason why 
the ventilating system of our new library did not give the required re- 
sults. This investigation demonstrated that the system was not prop- 
erly installed. Corrections were made so the system would work 
perfectly. ; 


Project No. 3 was an investigation of the commercial value of 
drying potatoes for stock feed. Such food has been used to a limited 
extent, but our investigation demonstrated the doubtful commercial 
value of a plant to operate on a large scale. The price of potatoes 
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usually would prohibit their use in the manner considered. The cost 
of drying, also, would make this feed too expensive. 


Project No. 4.—The work on this project consisted of assembling 
the apparatus for the tests. This assembling has been only partially 
completed. 


In addition to the above projects, many samples of lubricating 
oils have been tested for various persons. 


In June, 1929, Charles A. Logan, the assistant in charge of our 
research work in this department, resigned, the resignation to become 
effective September 1, 1929. A successor to Mr. Logan has not yet 
been appointed. For this reason research work in the department has 
been suspended pending the selection of a new worker. 


Respectfully submitted, 
L D CRAIN, Mechanical Engineer. 


REPORT OF THE EDITOR 
To the Director: 


Practically the same amount of editorial work has been done for 
the Experiment Station this year as last. Seventeen bulletins, 4 
press bulletins and the annual report, totaling 756 pages have been 
handled, as compared with 752 pages in 1928. 


Fully 30 percent of the 647 stories sent out in our mimeographed 
news service have been from station workers or about station work. 


We have cooperated with workers in charge of farmers’ day at 
Avon, thé farmers’ day at Akron, and both feeders’ days on the 


campus, in getting suitable announcements and information to the 
farmers and feeders. 


Following are the publications issued during the past year: 
Experiment Station Publications 


Bul. 335—Range Resources of The San Luis Valley. 
62 pages. 3,000 copies. 


Bul. 338—Financing the Western Cattleman. 
88 pages. 2,000 copies. 


Bul. 340—The Climate of Colorado. 
68 pages. 2,000 copies. 


Bul. 


Bul. 


Bul. 


Bul. 


Bul. 


Bul. 


Bul. 


Bul. 


Bul. 


Bul. 


Bul. 


Bul. 


Bul 
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341—Ants and Their Relation to Aphids. 
96 pages. 1,700 copies. 
344—The Principles of Bread-making. 
38 pages. 4,000 copies. 
345—The Australian Saltbush. 
28 pages. 1,200 copies. 
346—Farm Taxation in Colorado. 
48 pages. 3,000 copies. 
347—Use of Carbon Disulfide for the Eradication of Perennial 
Weeds. 24 pages. 3,000 copies. 
3848—Canada Thistle and Russian Knapweed and Their Control. 
44 pages. 3,000 copies. 
349—Effect of Lumnite Cement and Plaster Paris Caps on the 
Strength of Concrete Test Cylinders. 16 pages. 1,500 copies. 
350—Suggestions for Small Irrigation Pumping Plants. 
24 pages. 7,000 copies. 
351—Some Common Diseases of Ornamental Plants. 
28 pages. 3,000 copies. 
352—Sulphide Sulphur Content of Sprays. 
12 pages. 2,500 cdpies. 
353—F actors Influencing Cost of Production. 
72 pages. 2,500 copies. 
355—Outline of Colorado Tax Laws. 
20 pages. 3,000 copies. 


356—Improvement of Sagebrush Range in Colorado. 
12 pages. 2,000 copies. 


Press Bul. 67—A New Smooth-awned Barley for Irrigated Conditions 


in Northeastern Colorado. 4 pages. 3,000 copies. 


Press Bul. 68—Progress Report of Livestock Feeding Experiment, 


1929. 8 pages. 2,000 copies. 


Press Bul. 69—Progress Report. Fattening Rations for Pigs. 


8 pages. 2,500 copies. 


Press Bul. 70—Summary of 1928 and 1929 Tests. Fattening Rations 


for Calves. 8 pages. 2,500 copies. 


Forty-first Annual Report. 48 pages. 1,500 copies. 
Cattle Feeders’ Day Programs (Tenth Annual). 8,000 copies. 


Respectfully submitted, 
I. G. KINGHORN, Editor. 
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LETTER OF TRANSMITTAL 


To His Excellency, William H. Adams, Governor of Colorado: 

In accordance with the law of Congress establishing Agricultural 
Experiment Stations, I have the honor to transmit the Forty-third An- 
nual Report of the Colorado Agricultural Experiment Station. 


The report contains brief summaries of the work done by those 
in charge of the different sections of the Experiment Station, as well 
as a full list of projects upon which work has been done. However, 
because of the change in the state fiscal year to make it conform to the 
federal fiscal year, the present report covers the 7-month period from 
December 1, 1929, to June 30, 1930, only. 


C. P. GILLETTE, Director 


Agricultural Experiment Station 
Fort Collins, Colorado 
June 30, 1930. 


AGRICULTURAL DIVISION 
Report of the Director 


To the President: 


I am presenting the forty-third annual report upon the work of the 
Colorado Agricultural Experiment Station for the 7 months ending 
June 30, 1930. The report also contains a financial statement of all 
funds received and disbursed during the same period. 

The changes in personnel of the station staff have been few. The 
spirit of cooperation among the workers, and between the various sec- 
tions and the branches of the United States Department of Agriculture, 
has been good and some very important results have been reached. 
Some of these results have already been published in station bulletins, 
or in scientific journals of the country. The number of bulletins giving 
the results of investigations has been larger than for any like period in 
the history of the station. 

There are no indications that we shall receive, either from federal 
or state funds, any increase in our revenues during the coming fiscal 
period to enable us to meet the demands for additional lines of research 
in the interests of agriculture, home economics and mechanic arts. We 
shall be compelled to confine our growth to greater efficiency in the ex- 
penditure of present funds without attempting a larger program than 
has been carried during the past year. 

In accord with the spirit of modern agriculture and the recom- 
mendations of the Federal Farm Board, it shall be our effort to improve 
the agricultural conditions of our state thru researches that will improve 
quality rather than quantity production upon the farms and ranches 
and in the orchards of the state. 

The station projects upon which work has been carried during the 
past year, including a few new ones which have recently been approved, 
are as follows: 


AGRICULTURAL DIVISION 
Agronomy Section 


Relation of Soil Moisture, Structural Development and Acre Yields 
in Small Grains Adams and State funds. 

Correlation of Characters in Grains. Hatch and {State funds. 

High-altitude Crops. State funds. 

Plains Crops and Management. State funds. 

Improved Seed. State funds. 

Control of Excessive Soil Nitrates in the Arkansas Valley. Purnell 
and State funds. (Cooperative with Bacteriology). 

Studies in the Control of Bacterial Wilt and Winter Killing. Purnell 
and State funds. (Cooperative with Bacteriology). 

Laboratory Methods of Measuring Soil Fertility. Purnell and State 
funds. (Cooperative with Bacteriolcgy). 
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Animal Investigations Section 


Ration Experiments with Cattle. State funds. 

Summer Cattle-fattening Experiments. State funds. 

Range and Pasture Improvement. State funds. (Cooperative with 
Botany). 

Ration Experiments with Lambs. State funds. 

Cornfield Lamb-feeding Experiment. State funds. 

Summer-fallow Experiment at Akron, Colo. State funds. 

Winter Maintenance of Breeding Ewes. State funds. 

Poultry Experiments. State funds. 

Beet By-products for Fattening Beef Calves. Purnell fund. 

Comparative Value of Different Kinds of Molasses in Lamb-fattening 
Rations. Purnell and State funds. 

Hog Feeding in the San Luis Valley. State funds. 

Utilization of Dryland Feeds. State funds. 


Bacteriology Section 


Heat-resisting Bacteria in Fresh and Canned Vegetables. Adams fund. 

Value of Certain Carbon Compounds as Sources of Energy for Azoto- 
bacter. Adams fund. 

Natural Innoculation of Colorado Soils with Legume Bacteria. Hatch 
and State funds. 

Winogradsky Method of Testing Soil Deficiencies. Purnell fund. 

Control of Excessive Soil Nitrates in the Arkansas Valley. Purnell 
and State funds. (Cooperative with Agronomy). 

Studies in the Control of Bacterial Wilt and Winter Killing. Purnell 
and State funds. (Cooperative with Agronomy). 


Botany Section 
Range and Pasture Improvement. Purnell and State funds. (Co- 
operative with Animal Investigations). 
Cereal and Field-crop Disease Studies. Hatch and State funds. 
Truck-crop Disease Studies. Hatch and State funds. 
Weed Control. Purnell and State funds. 
Indentification of Species of Beta and Brassica. Purnell fund. 


Chemistry Section 


ae of Hays Resulting from Rain. Adams, Hatch and State 
unds, 


Entomology Section 
Plant-louse Investigations. Adams fund. 
Ants in Relation to Plant Lice. Hatch and State funds. 
Codling-moth Studies. Hatch and State funds. 
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Codling-moth Control by Means of an Egg Parasite. Purnell and State 
funds. ; 

Grasshopper Control. State funds. 

Potato Flea-Beetle. State funds. 

General Insect Investigations. State funds. 

Rodent Poisoning. State funds. 

Rodent Life Habits. State funds. 

Colorado Insect Fauna. State funds. 

Resistance of Bees to American Foulbrood. State funds. 

Relation of the Honey Bee to the Production of Seed in Red Clover. 
State funds. 

Range Insects. State funds. 


Economics and Sociology Section 

An Economic Study of the Peach Industry in Colorado. Purnell fund. 
In cooperation with U. 8. Dept. of Agriculture. 

An Economic Study of Farm Organization and Management in the 
Greeley area in Northeastern Colorado. Purnell fund. 

A Study of Costs and Methods of Producing Cattle and Sheep on the 
Range in Colorado. Purnell fund. In cooperation with U. 8S. Dept. 
of Agriculture. 

A Study of the Social Status of the Spanish-speaking People in Rural 
Colorado. Purnell fund. 

A Study of Taxation in Colorado. Purnell fund. In cooperation with 
U.S. Dept. of Agriculture. 

A Study of the Methods of Storage and Marketing Practices which 
obtain in handling Potatoes on Farms in the San Luis Valley. State 
funds. In cooperation with Colorado Division of Markets. 

An Economic Study of the Apple Industry of Colorado. Purnell fund. 
In cooperation with U. 8. Dept. of Agriculture. 

An Economic Study of Land Utilization in Northwestern Colorado. 
Purnell fund. In cooperation with U.S. Dept. of Agriculture. 

A Study of the Major Types of Cooperative Organizations of Associa- 
tions in Colorado. Purnellfund. In cooperation with U. 8. Dept. 
of Agriculture. 


Home Economics Section 


The Baking of Flour Mixtures at High Altitudes. Part II. Purnell 
fund. 


Horticultural Section 


Potato-variety Testing and Improvement by Selection. Hatch and State 


funds. 
Garden-pea Variety and Breeding. Purnell and State funds. 
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Spanish Onion Breeding Work. Purnell and State funds. 

Development of a Tipburn-resistant Variety of Head Lettuce. Purnell 
fund. 

High-altitude Vegetable Production. State funds. 

Orchard Management including Cover Crops. State funds. 

Raspberry Investigations. State funds. 

Small Fruits. State funds. 

Certified Seed Potatoes. State funds. 


Irrigation Investigations Section 
Measurement of Water. Hatch and State funds. 
Evaporation. Hatch and State funds. 
(a) From a Free Water Surface. 
(b) From Moist Soils. 
Meteorology. State funds. 
Pumping for Irrigation and Drainage. State funds. 


Pathology Section 


Sheep Losses in Feedlots. Hatch fund. 

Contagious Abortion. Hatch and State funds. 

Coccidiosis in Cattle. Purnell fund. 

Death Losses in Lambs on Heavy Grain Feed. Purnell and State funds. 
Icterohematuria. State funds. 

General Disease Investigations. State funds. 


Veterinary Section 
Animal Diseases. State funds. 


ENGINEERING DIVISION 
Civil Engineering Section 
Frost Heaving Investigation on Concrete Slabs. State funds. 
Pavement Cores and Subgrade. State funds. 
Light Asphaltic Road Surfaces. State funds. 


Road Materials of Colorado. State funds. 
Road Oils. State funds. 


Mechanical Engineering Section 


No active projects. Work in abeyance during past 7 months. 


Following are brief reports from the heads of sections concerning 
the work of the ‘past months. 
Respectfully submitted, 
C. P. GILLETTE, Director 
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REPORT OF THE AGRONOMIST 
To the Director: 


I am submitting my annual report for the fiscal year ending June 
30, 1980. 


The staff of the Agronomy Section has consisted of: Alvin Kezer, 
chief; D. W. Robertson, associate; G. Warren Deming, assistant; R. D. 
Hockensmith, assistant and Warren H. Leonard, assistant. Mr. Robert 
Robertson and Mr. Deming are full-time research workers. Mr. 
Hockensmith and Mr. Leonard are primarily teachers but render 
valuable assistance on the research problems. I should not neglect to 
mention Mr. John W. Sjogren; while he has not been officially on the 
experimental staff, he has been a constant producer. One bulletin 
has come from his work during the present year and nearly enough mate- 
rial for another bulletin has been collected. All of these workers are sta- 
tioned at the home plant. 


Mr. Adams is still in charge at Cheyenne Wells. Mr. Robert 
Gardner is in charge at Rocky Ford and Mr. Dwight Koonce is at 
Fort Lewis. 


At Fort Collins, the work of the year has been a continuation of the 
critical period, residual effect of irrigation water, improved seed, methods 
of determining fertilizer needs, alfalfa-disease control, and other minor 
projects. Work on two new projects, each in cooperation with the 
United States Department of Agriculture, is under way—one at Rocky 
Ford on the clover crop and one on sugar beets, work on which will be 
located both at Rocky Ford and Fort Coll'ns. 

Under the improved-seed project, we are carrying on variety tests 
of cereals, pasture crops and a large portion of our breeding work. We 
hope during this coming year to complete the test of pasture crops and 
pasture mixtures so far as determining the adaptability of varieties 
to our climatic conditions and their growth behaviour with irrigation 
can determine their value. We have tried mowing the plats frequently 
to imitate the grazing of animals. We appreciate that such frequent 
mowing is not exactly the same as animal grazing but it does give us 
an idea of the behaviour of the different crops. We believe that we have 
carried these tests Jong enough to establish which are the better adapted 
varieties and which are the better adapted mixtures. We have also 
learned considerably about the seeding and care of such crops. The 
next procedure on irrigated pastures, it seems to us, is the actual grazing 
of some of these different mixtures to determine the effect of the tramp- 
ing and selective biting of animals. 

We need to do with dryland crops a greater amount of work than 
we are now doing to try to find the best adapted dryland mixtures. 
So far, we do not know of any tame grasses adapted generally to our 
dry uplands. Our present pasture possibilities under cultivation on the 
dry uplands are annual pastures, 
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We have carried a very large amount of small-grain selection and 
hybridization work. From some of this work we have gained some 
new genetic facts, both on wheat and barley. The hybrid work has given 
rise to one publication during the year and another paper has been 
accepted for publication. Hybrid work is somewhat slow in producing 
new and valuable varieties. We have promising selections coming 
on in our hybrid progenies. With the wheats and barleys, especially, 
we take certain of these’ hybrids’ to Akron yearly to let the most severe 
climatic and soil conditions exercise selection. ach year, we have 
about 1,000 of such progenies which we take to Akron. 


The methods-of-measuring-soil-fertility project is carried on in co- 
operation with the Bacteriology Section. We can report progress on 
this project. In all cases in 1929, field applications of fertilizer gave 
field results in perfect accord with the laboratory predictions based upon 
laboratory tests. The field program has been somewhat enlarged this 
year by phases along the same lines as previously reported. 


The alfalfa-disease control project, also in cooperation with the 
Bacteriology Section, is being vigorously pushed. We have nearly 20 
acres of plats, testing both varieties and fertilizer-application methods 
upon the Agronomy farm. We also have plantings of promising resist- 
ant varieties in fields on farms in Larimer, Boulder and Weld counties. 
These farm fields were selected because they were known to be in re- 
gions where alfalfa wilt had destroyed previous alfalfa crops. The need for 
this work is growing because 1930 has seen an increase in the loss area. 
Considerable winter killing and disease killing has taken place in Morgan, 
Logan and Sedgwick counties in Northeastern Colorado and in Crowley, 
Otero, Bent and Prowers counties in Southeastern Colorado. The 
department has been making trips into these regions and assisting 
farmers In every way possible to improve their alfalfa crop conditions. 


This year, we have taken up two new major projects. One is on 
clover investigations which is being conducted in cooperation with the 
Forage Office of the United States Department of Agriculture. Most 
of the work on this project will be conducted in the Arkansas Valley. 
Observations will be made in other localities. The other project is on 
sugar-bect-investigations, in cooperation with the Sugar Office of the 
United States Department of Agriculture. This work is being carried 
on both at Fort Collins and at Rocky Ford. At Fort Collins the work 
Is requiring the use of about 60 acres of land in 1930. A part of this 
land is rented by the government from the County Farm to the east 
of our OWn experimental farm. A part of it is on our own experiment 
es farm and a part is located upon the lands of private farmers 
ee ne can a their conditions which we do not have upon either 
aie eae! a Rocky Ford, the project has available 40 acres of 
a = ae is 38 in use, but not all in sugar beets as a rotation must 

ollowed in order to keep down nematode and other beet diseases. 
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These experiments are covering tests in a large number of methods, of 
planting methods, of thinning methods, of cultivating methods, of 
irrigation methods and a complete series of fertility tests. 


The work at Akron is concentrated on the rate and date of plant- 
ing, small grains, corn, forage crops, forage-crop varieties and cultural 
tests, and rotation and tillage-method tests. So far, in the variety tests 
of wheat, Kanred has proved superior for a series of years altho some 
other sorts of the Crimean or Turkey group are close contenders. The 
winter of 1929-30 was unusually severe. Accordingly, some of the less 
hardy of the winter types such as Blackhull have been severely damaged 
by winter killing. Such winters bring out the superiority of the Kanred, 
Karkov and Standard Turkey group. 


New barleys upon which we reported last year are being increased 
for distribution to farmers. The best adapted dryland strains are Club 
Mariout, a selection from White Smyrna and Flinn. All of these are 
narrow-leafed barleys. When it is realized that one year with another, 
barley will produce as much feed grain per acre as corn, one realizes 
the importance of this crop in our dryland economy, as it can be 
handled readily and cheaply with tractor-drawn implements, thru re- 
quiring only a very small amount of hand labor. 


We believe we have sufficient data on hog millet to publish an 
information bulletin this season. The feeding experiment with hog 
millet has brought out an unusual demand for this crop. I think it 
is unfortunate that it was called Hershey in some of our feeding publica- 
tions. Hershey happens to be the name applied locally in two or three 
of our Northeastern counties. Everywhere else it is known as hog 
millet or proso. The use of this name was unfortunate because it has 
made farmers, agricultural writers and others unfamiliar with the crop, 
believe that we have here an absolutely new crop. 


The cooperative studies on nitrate control at Rocky Ford have 
been conducted under the immediate charge of Mr. Robert Gardner. 
If this year’s results turn out favorably and of the same order as for 
the past several years, we hope to publish on a number of phases of this 
work. The program at Rocky Ford has been enlarged to include clover 
investigations. 

High-altitude agriculture is the main work being conducted at 
Fort Lewis. Our present studies there consist in variety, cultural and 
irrigation practice work with grains, pasture, meadow and forage crops. 

Data from Fort Lewis have already appeared in one bulletin and 
further data will be used in forthcoming bulletins which are now being 
prepared to offer for publication. 

The Cheyenne Wells work is of necessity being carried simply on 
a rental basis as we have no appropriation to support the work. We 
have supplied Mr. Adams with some cherries, plums, ornamental 
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trees, brambles and some shrubbery to assist in keeping the place up. 
Cheyenne Wells is making an excellent demonstration but cannot con- 
tribute in a research way without better financing. 


We are serving the dryland needs thru cooperative arrangements 
with the Office of Dry Land Agriculture, United States Department 
of Agriculture at Akron. Akron being further north in the state and 
higher in altitude, does not permit studies on many of the sorghums 
and other crops adapted to regions further south and east in the dryland 
area. The dryland area contributes much more to our agriculture 
than is ordinarily recognized. Over 70 percent of the wheat production, 
about 80 percent of the corn and around 70 percent of the barley are 
grown upon our drylands. Millets, sorghums—both grain and forage— 
are practically confined to the drylands. In addition, judicious pro- 
duction of feeds and forage crops enables large numbers of livestock 
to be grown and matured. The needs of this great region justify more 
attention and heavier financing than we have been able to give. 


The picture of agricultural practices on the plains has changed 
markedly in the past few years. Horses are being used less and less. 
Tractors are increasing in reliability andin use. Consequently, tractor- 
drawn and tractor-operated implements are quite generally replacing 
horse-drawn implements. We need to know not only relative costs 
of horse and tractor operations but we need to be making studies on the 
better methods of using tractor-drawn implements. The used of the 
tractor is making possible the very great enlargement of the area which 
a single man can cultivate. Heretofore with horses, the amount of land 
a grower could prepare for seeding and the amount that he could harvest 
constituted his limits. With tractor-drawn implements, the same 
limitations hold. But, with tractor-drawn implements both the seed- 
ing and harvesting area can be enormously increased. Tractors do not 
have to stop to rest for by shift in operators they can be worked 24 
hours a day. Thus, much larger areas can be prepared for seeding and 
can be seeded than was possible with horse-drawn or animal-drawn 
implements. At harvest time the introduction of the combine, tractor- 
drawn and tractor-operated, with the introduction of the truck for the 
delivery of the product, enormously increases the amount a given number 
of persons can harvest. Methods of best using such equipment should 
be investigated. We should be able to supply farmers this information 
instead of having farmers subjected to the necessity of each individual 
working out all of the problems connected with such power use. 


Our laboratories during the year have been considerably strength- 
ened so that we are in much better position to do certain technical 
operations and soil studies. Many of our people have felt that our 
soils, being new, were inexhaustible in fertility. Fifteen or even 10 
years ago commercial fertilizers in general gave no returns. But, at 
ihe present time in the older irrigated regions, phosphate fertilizers 
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are giving returns on better than 70 percent of the lands. This is simply 
a fore-runner of what we are facing in soil problems. These problems 
comprise problems of fertility, problems of management in connection 
with the use of irrigation water, problems of fertility in relation to types 
of minerals in composition. All of these and many others are presenting 
new phases which have an influence on the production of crops. We 
cannot expect to solve all of these but we are equipped to make a start. 

I am pleased to say that in Mr. Robert Gardner and in Mr. Roy 
D. Hockensmith, we have two well-trained young men whom we are 
starting on these problems. 

Respectfully submitted, 
ALVIN KEZER, Agronomist. 


REPORT OF THE ANIMAL HUSBANDMAN 


To the Director: 

Following is a report upon the various projects carried by this 
section: 
Experiments conducted between Dec. 1, 1929 and May 15, 1930 


Ration Experiments With Cattle.—E. J. Maynard, Geo. E. 
Morton and H. B. Osland.—Six lots of steer calves were fattened during 
a 185-day winter feeding period. A study was made of the compara- 
tive feeding value of wet beet pulp, corn silage, cull potatoes and a 
silage composed of a mixture of cull potatoes and dry corn fodder cut 
together into the silo. In certain years a surplus of potatoes at low 
prices may find a large supply of culls and markets held into the spring 
of the year on the farm. Tests at the station indicate that these 
potatoes, with some dry filler included, may be cut into the silo (which 
is usually empty at this time of year) and may be safely carried thru 
the summer for feeding operations the following fall and winter. A 
basal ration consisting of ground barley, cottonseed cake and alfalfa 
hay has been used in this experiment. This is the first test of the current 
series. In connection with this work a study was made of the com- 
parative shrinkage of pressed beet pulp when stored in an open pile, in 
a trench silo and in a straw silo. 


Summer Fattening Experiment With Cattle.—Geo. E. 
Morton and E. J. Maynard.—Beef calves were fed thru the winter large- 
ly on available roughages with a limited amount of concentrates in order 
that they might be in fleshy condition for a quick finish with grain on 
irrigated pastures during the summer. A comparison of corn silage 
and composted beet tops was made during the winter feeding period, 
each being fed along with ground barley, cottonseed cake, wet beet 


14 CoLtorapo AGRICULTURAL EXPERIMENT STATION 


pulp and alfalfa hay. The cattle will be finished for an early fall market 
on irrigated pastures of alfalfa and Morton’s pasture grass mixture with 
and without a concentrated protein supplement. 

Rations for Fattening Lambs.—E. J. Maynard and H. B. 
Osland—A comparison was made between cull potatoes, cull-potato- 
and-corn-fodder silage and siloed beet pulp fed as supplements to basal 
rations of whole barley and alfalfa hay and whole barley and alfalfa 
hay and cottonseed meal for fattening lambs. Alfalfa meal (13 percent 
protein) and alfalfa stem meal (9 percent protein) were compared in a 
self-fed mixture of ground barley, cottonseed meal, molasses and alfalfa. 


Field Lamb Feeding.—F. J. Maynard and H. B. Osland.—Lambs 
were pasture on stock beets for 43 days during the fall. During this 
period they were fed alfalfa hay in drylot at night and one lot received 
whole barley while the other lot got no grain. A check lot was fed whole 
barley and alfalfa hay in drylot. All lots were finished during a 70-day 
period on a standard ration of barley, wet beet pulp, cottonseed meal 
and alfalfa. The stock beets yielded 15.26 tons per acre. The final 
feed costs were lowest for the lambs fattened in drylot. A study of 
comparative yields of blocked and unblocked stock beets is being made 
in cooperation with the Agronomy Department. 


Range Management.—E. J. Maynard and H. B. Osland.—A 
study of early spring protection to forage and rotation of cattle between 
two pastures as factors affecting vitality and increased production ot 
forage plants on low foothill range of Northern Colorado; to compare 
effects of no protection to forage, early protection to forage and early 
protection plus rotation by grazing regulation of cattle; to study winter 
maintenance rations and general management problems. 

Summer Fallow Experiment With Sheep at Akron.—Geo. 
E. Morton, E. J. Maynard and J. F. Brandon.—A study of sheep 
maintenance on dryland farms. The grazing of weed growth on summer 
fallow and consequent labor reduction for summer tillage. A study of 
the carrying capacity of weed growth on summer fallow and stubble 
land and of rye pasture and native sod. A 10-year period (1920 to 
1930) has been completed in this work. 


Utilization of Dry Land Feeds.—Geo. E. Morton, E. J. Maynard 
and J . . Brandon.—(a) Winter Hog Feeding.—A comparison of the 
fattening grains; corn, barley and proso or hog millet, fed singly and in 
combinations along with a standard protein supplement. A compari- 
son of different protein supplements and protein supplement vs. no 
protein supplement. 

(b) Winter Lamb Feeding —A comparison of corn, proso or hog 
millet and a combination of the two fed with sorgho fodder and a protein 
supplement to fattening lambs, A comparison of protein supplements 


for fattening lambs in non-irrigated sections. Ground vs. unground 
millet for fattening lambs, 
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(c) Summer Hog Feeding—Summer fattening tests with hogs 
on a succession of annuals (fall-sown rye, spring-sown barley and sudan 
grass) along with grain and a protein supplement. 

(d) Pastures for Non-irrigated Sections.—Some tests with sweet 
clover both as a pasture and as a hay crop have been made. <A peren- 
nial dryland mixture has been grown. 


Fattening Hogs in Peafield in the San Luis Valley.—H. B. 
Osland and E. J. Maynard.—A study of the value of different protein 
and carbonaceous supplements including tankage, skimmilk, alfalfa 
meal and barley fed to hogs pastured in peafields in the San Luis Valley. 
Preliminary work in an attempt to determine the most efficient sup- 
plements with which to balance peas pastured in the field. 


Maintenance of Ewes.—B. W. Fairbanks.—The second year’s 
work on the ewe-maintenance experiment under its present setup was 
completed at noon on May 5. All figures have been collected and com- 
pilation will take place as soon as the opportunity presents itself, which 
will no doubt be immediately after vacation. At that time we can check 
the work and come to a definite decision as to whether the experiment 
should be completed with 2 year’s work or whether a third year is 
advisable. 


All-Mash ys. Mash-and-Scratch Laying Rations.—C. N. 
Keen.—Two lots of birds were put on rations, lot 1 on all-mash ration, 
and lot 2 a mash-and-scratch ration. The number in each lot was 
67 birds. Comparison of the two methods of feeding has been made to 
find the result upon laying, the condition of the birds and the cost of 
each method. 


Advanced Registry Testing.—B. W. Fairbanks.—Following 
is a summary of the work done since May 1, 1929: 


Month 1-Day 2-Day 7-Day Fees 
May 16 45 $15.25 
June 15 45 3 18.00 
July 19 51 6 23.50 
August 20 51 2 19.75 
September 20 46 4 20.50 
October 22 38 5 20.00 
November 18 42 | 16.00 
December 18 39 3 17.25 
January 38 21 14.75 
February 47 D 13.00 
March 75 7 1 17.75 
April 59 3 15.50 
367 393 25 $211.25 


Respectfully submitted, 
GEO. E. MORTON, Animal Husbandman. 
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REPORT OF BACTERIOLOGIST 
To the Director: 


I have the honor to submit herewith the report of the Bacteriologi- 
eal Section of the Experiment Station for the period December 1, 1929 
to May 31, 1930. 


A complete summary of our work up to December 1, 1929, covering 
the first half of the new fiscal year, was presented as 9 part of my annual 
report for 1929, and, accordingly, the present statement pertains only 
to the activities of this section for the past 6 months. 


At this time, I desire to call your attention to three lines of in- 
vestigation which we have been conducting: 


1. Alfalfa Wilt-Resistance Tests. 
2. Winogradsky Soil-Deficiency Tests. 
3. Niter Studies at Rocky Ford. 


Alfalfa Wilt.—While it is a little early to predict the losses from 
this disease this year, it may be a matter of interest to note that the wilt 
is already making its appearance in the old stands. 


Our variety tests in Boulder, Larimer and Weld counties came 
thru the winter in excellent condition in spite of the severe cold weather. 
The outstanding difference to be observed at this time among the several 
varieties under study is the marked susceptibility of the Common strain 
to mildew. The yellow foliage, resulting from this disease, is so con- 
spicuous that the plots planted to Common can be distinguished easily 
from the other varieties at a considerable distance. The same sus- 
ceptibility, but to a lesser degree, exists in the Argentine. The stands 
are now | year old, and while to date none of the varieties shows wilt, 
there appears to have been dying out during the winter by Hardigan, 
Canadian Variegated and Ladak. From the standpoint of growth 
and vigor, the Canadian Variegated looks very promising; the Cossack 
and Grimm are close seconds; the Ladak is thrifty but appears to be 
more of a prostrate than an erect type; Hardigan, Argentine and Utah 
Common are also included in the test. 


_ Winogradsky Soil Tests.—Owing to the fact that this test re- 
quires only 72 hours, we have been able to furnish many farmers with 
information on their fertilizer needs in time for spring planting. Since 
March 1, we have examined soil from 214 fields and orchards, and the 
samples are still coming in. This has meant nearly 2,000 tests. While 
it has taxed our laboratory force to the limit to keep up with these, we 
have been able to get returns to the farmers ia less than 10 days after 
the receipt of the samples. To help defray the expense of the work, 
2 nominal charge of 50 cents per sample has been made. Altho this 
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does not begin to pay for the actual cost of making the tests, it helps 
and also serves as a deterrent to the idle curious. The bacterial soil 
plaque is used in determining the phosphate and potash deficiencies, 
but chemical methods are employed for the nitrate, lime and acid analy- 
ses. 


The results of the tests are reported on a card and tell the grower if 
his soil needs potash, phosphate, nitrate or lime, and if it is too acid. 
It also carries a recommendation for treating the soil based upon these 
results. One copy of this card is kept in the laboratory files, a second 
is sent to the farmer, and a third goes to the county agent. The form 
we use follows: 


SOL, FERTILITY TEST 
(Farmer’s Card) 


INO Clee. oe See eee PNG WG DigsNeloias ae ee) ee ae Sra PN 
rer kira a) Fem) bi Ce like et aoe RI Rt {Ale ea eee 
RVG SIUIL A Ole TMU, IMBC 
PAGS tee see eon eek, I shar Gene ee a aes ee kee a ee ee 
[Obs eens ue ee 2a tl UN GIRL e ee pa ee ee: 
TS GtiCzn SP ee Se eens Pee ea Basic 2k ee SOA eee 


The results from 196 soils examined this spring show 74 percent to 
be deficient in phosphate, 3 percent in potash, 17 percent in nitrate 
and 21 percent in me; 15 percent are slightly acid, 76 percent basic 
and 9 percent neutral. 


By way of checking our laboratory results, we have put out five 
test plots. Four of these are planted to sugar beets and one to barley. 
In this work we are endeavoring to determine the relative value of dif- 
ferent amounts and kinds of phosphate for producing the maximum yield 
of sugar beets and the value of phosphate alone and in combination 
with ammonium sulfate for barley and alfalfa. 


Dr. D. W. Robertson of the Agronomy Section is cooperating in 
this work. 
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Niter Studies.—The beneficial effect of different crop residues 
and sawdust in controlling the formation of excessive soil nitrates has 
been so striking that we have continued this line another season. In 
the past this series of plots has been kept fallow. This year they will 
be planted to a crop in order to determine the effect of the residue 
treatment on crop production. If this method of handling these high 
niter soils proves as effective as our laboratory tests indicate, we shall 
have found a very simple and practicable solution for the difficulty. 


Our soil-nitrate determinations, made over a period of 6 years and 
now numbering more than 20,000, have proved conclusively that there 
is a marked increase and accumulation of nitrates under cultivated crops 
during the growing season which reaches its peak early in August. It 
has been our contention, and still is, that these nitrates owe their origin 
to the oxidation of the organic nitrogen contained in Azotobacter cells 
which in turn have obtained this element from the air by the fixation 
of atmospheric nitrogen. In order to make our theory absolutely con- 
clusive, we are making determinations of the organic nitrogen this season 
in addition to the nitrate. We expect to be able to show by this that 
the curve for the organic nitrogen follows much the same course as that 
of the nitrate, except that the former reaches its peak somewhat in 
advance of the latter. 


Miscellaneous 


1. Bacterial Blight of Beans.—Bacteriosis or bacterial blight 
is unquestionably the most serious disease of beans in Colorado. This 
year we are carrying on resistance tests at Rocky Ford with six varie- 
ties obtained from the U.S. Department of Agriculture thru the courtesy 
of Dr. Zaumeyer. These beans, under eastern conditions, have shown 
more or less freedom from blight and we are hopeful that they will ex- 
hibit the same resistance here. 


2. Extension Service.—At the invitation of the Extension 
Service, I gave one radio talk over Station KOA on alfalfa failures. In 
January, I gave six lectures on soil questions in connection with soil 
schools which were held at Fruita and Grand Junction; at this time I 
gave two additional talks on Tularemia and Food Poisoning before the 
Fruita High School and Fruita Extension Women’s Club respectively. 


An exhibit illustrating our work in testing soils for fertilizer needs 
was prepared for the Weld County Farmers Institute held in Greeley 


in January. At this time I described the use of the soil plaque and dis- 
cussed our soil deficiencies. 


At the National Western Stock Show, held in Denver in January, 
we set up a laboratory for making soil tests and demonstrated our work 
with the soil plaque in determining soil deficiencies. In a second booth, 
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we showed graphically the fertilizer needs of our common crops and 
exhibited a large assortment of commercial fertilizers. In connection 
with this, we featured the manufacture of treble superphosphate. 


3. College Instruction.—At the invitation of the Horticultural 
Department, I gave lectures on vinegar making and soil fertility before 
the horticultural classes; a similar lecture on soil bacteriology was given 
before the class in industrial chemistry. 


4. Swimming Pools.—With the installation of liquid chlorine 
as the purifying agent in the women’s swimming pool, it has become 
necessary to make daily tests of the water for residual chlorine and 
acidity. The purity of the pool has been faultless under this treatment. 
The present system of circulating the chlorinated water before it enters 
the pool is not satisfactory since all of the water enters at one end 
thereby producing too great a concentration of chlorine at that point. 
Some method of introducing part of the water at the north end should 
be worked out in order to give more uniform distribution of the chlorine. 


We have continued the weekly examination of the men’s pool 
and have found the quality to be satisfactory with the violet-ray 
purification with the exception of the times when the pool is overloaded, 
as is the case during high-school meets. 


5. Laboratory Needs.—As the scope of our work broadens and 
the volume of our routine increases, we feel greatly the need of larger 
quarters. We should have additional library and office space, separate 
laboratories for individual research and a laboratory for biochemistry. 
It is to be hoped that in the next building program, some provision 
will be made for enlarging the Horticultural Building so as to take care 
of this much needed expansion. 


In the various phases of the work reported here, I have been as- 
sisted by Miss Laura C. Stewart, Mr. Robert Gardner, Dr. D. W. 
Robertson, Mrs. Mildred Brown Carpenter, Mrs. Alpha Powell Head 
and Miss Esther Elliott, whose efficient services I am pleased to ac- 
knowledge. 


In conclusion, I desire to express my very great appreciation of the 
opportunity afforded me of attending the eleventh annual meeting of 
the Southwest Division of the American Association for the Advance- 
ment of Science held at Tucson, Arizona, April 21 to 25, 1930, and for 
the honor of representing the college at the inauguration of President 
Shantz. 


To the Director I am very grateful for his continued interest in 
the welfare of the Bacteriological Section and for the support he has 
given our work. 

Respectfully submitted, 
WALTER G. SACKETT, Bacteriologist. 
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REPORT OF THE BOTANIST 


To the Director: 


I beg to submit the following report of the work carried by the 
Botanical section for the past fiscal year. 


Range and Pasture Improvement.—Study is being made of 
reseeding, of the results of continuous and deferred grazing, of the effect 
of soil and climatic conditions, also the results of early pasturing, tram- 
pling and poisonous plants. 


The following are phases of range improvement being investigated: 


1. Carrying capacity of grama-buffalo grass vegetation for 
sheep.—This study is being carried on cooperatively with the Animal 
Husbandry department at the U. 8. D. A. Field Station. The data 
covering the entire period of experimentation is being prepared for 
publication. 


2. Ecology and improvement of mixed prairie cattle range at 
an altitude of 5,000 feet, Ft. Collins—Along the base of the eastern 
foothills is found a type of vegetation composed of a great variety of 
grasses and weeds. The dominant grasses are Stipa spp., Agropyron 
Smithii, Bouteloua gracilis, and Bulbilis dactyloides. A thoro study of 
this type of vegetation in relation to grazing practice is being made. 
The Department of Animal Husbandry is cooperating in this thru 
feeding experiments. Data covering 9 years’ study of this range are 
being prepared for publication. 


3. Improvement and management of upper foothill cattle range 
at an altitude of 7,000 feet near Virginia Dale-—Areas plowed up by 
homesteaders and then abandoned have been greatly improved by 
seeding to smooth brome grass, slender wheatgrass, crested wheatgrass 
and yellow sweet clover. A vegetation map is being prepared as a basis 
for evolving the best management plans of such regions. 


Basic ecologic data are being gathered to aid in solving problems 
such as eradication of poisonous plants, prevention of erosion, deter- 
mination of proper carrying capacity, and other phases of range improve- 
ment and management. 


4. Improvement of sagebrush (Artemisia tridentata) range.—This 
study has been conducted in the Laramie River Valley for 3 years. 
Four-to-eight-fold increase in forage has been secured in this time 
due to natural revegetation following burning. The damage done 
by rodents has been shown to be very great. This work is now being 
extended to North Park where a comprehensive experiment and demon- 
stration has been laid out in cooperation with the Extension Service. 
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5. Suecession and competition of plants in irrigated pastures 
in relation to pasture management.—A number of different seed mix- 
tures and the resulting pasture stands each year following seeding have 
been analyzed. Part of this study is in cooperation with the Depart- 
ment of Agronomy. These pastures are under a great variety of soils 
and treatment. A large amount of data on the habits of plants, es- 
pecially in regard to competition and succession, has been gathered. 
This information is valuable in deciding the proper mixture to sow as 
well as in the management of the pasture. 


Weed Control.—The weed-control work is centered around the 
study of chlorate sprays under Colorado conditions and some of the 
physiology involved in their use. They are now being tried on bind- 
weed, poverty weeds, Canada thistle, Russian knapweed, perennial 
peppergrass, larkspur, seedling barberries and willow. A brief study 
is also being made of various chemical treatments for dandelions. 


Truck-Crop Diseases.—During the past year, study has been 
made of onion diseases in the Arkansas Valley. A substation has been 
established there during the summer for following the development 
of neck rot and purple blotch. 


Cereal Diseases.—Studies on stinking smut of wheat have been 
continued. Work on infection has been accepted for publication. 
Other physiological studies are prepared for publication. 


Observations and study of the foot rot of wheat are being con- 
tinued. This disease made its appearance in 1928 and again in 1930 
following severe winter with little snow. 


Cooperative Work.—In cooperation with the office of Cereal 
Crops and Diseases, U. 8. D. A., work on barberry eradication has con- 
tinued. 


The Office of Sugar Crops, during the past year, established co- 
operative work with the Botanical Section in studying sugar-beet 
diseases. 

Miscellaneous pieces of work have been carried on in addition to 
the above formal projects. Reports of these studies are indicated in 
the bibliography of Botanical Publications here attached. 
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Seed Testing Work 


For the fiscal year beginning July 1, 1929. 
Report of Seed Samples Tested 


Purity Germina- Examina- Identi- 

tion tion fication 

Current samples 13570 3201 7 31 
Certification service 168 386 
Inspection samples 651 985 
Sugar-beet investigations 27 
Wild-oat study = (20 
Longevity studies 113 
Other investigations 57 150 
Total samples 2233 4982 


All samples of peas and beans have been checked by greenhouse 
tests. 


Numerous samples of cereals which were found to be dormant 
when tested by the usual methods, were tested at low temperatures 
to test the degree of dormancy. 


All samples exhibiting unusual or unsatisfactory behavior when 
tested by the method suitable to the species, have been retested in 
daylight, in sand, soil, greenhouse or by several of these methods. 


1929-1920 Publications of the Botanical Department 
Durrell, L. W. A new Pathology Text (review) 
Principles of plant pathology by Charles E. Owens. 
Phytopathology. 19:177. 
Hanson, Herbert C. Range Resources of the San Luis Valley. 
Colo. Agr. Exp. Sta. Bul. 335:1-60. 
—_——— Grazing Typesin Colorado: 
The Cattleman 15:57-63 (April) 
——_——— Reseeding Waste Range Land. 
The Cattleman 15:31 (May) 
Intensity of Grazing in Relation to Proximity to Isola- 
tion Transects. Ecology 10:343-346. 
Analysis of Seeding Mixtures and Resulting Stands in 
Irrigated Pastures of Northern Colorado. 
Journal Am. Soc. Agronomy 21:650-659. 
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Discussion on ‘Eradication of Brush and Weeds from 
Pasture” by A. E. Aldous. Jr. Am. Soc. Agronomy 21 :666. 
Pasture Plants for Sheep. 
American Sheep Breeder, July. 
With F. E. Clements and J. E. Weaver 
Plant Competition. Carnegie Inst. Publ. No. 398. 
The struggle for existence among Range Plants. 
The Producer. 11 :5-7. 
Grazing Types in Colorado. 
The Cattleman 15:57 (March) 
Ecological Bases for Grazing Studies. 


Abstract Published in Journal of Colorado-Wyoming Academy 
of Science. Vol. 1. 


Pasture Plants for Sheep. 
American Sheep Breeder, July. 
Reseeding, Range Lands. 
The Natl. Wool Grower, October. 
Improvement of Sagebrush Range in Colorado. 
Colo. Agr. Exp. Sta. Bul. 356. 
Importance of Western Grazing Land. 
The Cattleman, March. 
LeClerg, E. L. Some Common Diseases of Ornamental Plants. 
Colo. Sta. Bul. 351. 
LeClerg, E. L. Neck Rot of Onions: Colo. Agr. Exp. Sta. Bul. 301. 
Rogers, Charles F. Canada Thistle and Russian Knapweed and their 
Control. Colo. Agr. Exp. Sta. Bul. 348. 
Smith, E. C. Some Phases of Spore Germination of Myxomycetes. 
Amer. Jr. Bot. 16:645-50. 
Longevity of Spores of Myxomycetes. 


Journal Colorado-Wyoming Academy of Science Vol. I No. 2. 


LeClerg, E. L. Observations on Some Onion Diseases of Colorado. 
Ashton, Ruth E. Preliminary Observations on Revegetation of the 
Twin Sisters Burn in Rocky Mountain National Park. 


Smith, E. C. The Longevity of Myxomycete Spores. 

Hanson, Herbert C. Improvement of Sagebrush Range in Colorado. 

Smith, E. C. Trametes Peckii, a Destructive Parasite in Apple Orch- 
ards. 
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Love, L. Dudley and Herbert C. Hanson. Relation of Environment 
Factor Data to Range Management. 


Bodine, E. W. The Effect of H-ion Concentration Upon Spore Ger- 
mination and Growth of Tilletia laevis (Kuhn.) 
Method of Culturing and the Growth of Tilletia laevis. 
(Kuhn.) on media. 


Lungren, E. A. Progress of Barberry Eradication and Black Stem 
Rust Investigation in Colorado. 


Hatfield, Ira and Charles F. Rogers. A Chemical Indicator for the 
Diffusion of Carbon Disulfide Through the Soil. 


Submitted or in Press. 
LeClerg, E. L. Cultural Studies of Some Soil Fungi, Soil Science. 


Hatfield, Ira and Charles F. Rogers. Formula and Apparatus for 
Measuring the Liquid-to-Gas Volume Change, Plant Physiology. 


Rogers, Charles F. and Ira Hatfield. A Chemical Indicator for Testing 
in the Field the Diffusion of Carbon Disulfide Gas Through the 
Soil, Plant Physiology. 


Publications Submitted or in Press. 
Durrell, L. W. Diseases of Corn. 
Symposium, Botanical Society of America, A. A. A. 8. 


Bodine, E. W. and L. W. Durrell. 
Inoculation of Wheat with Tilletia laevis. Phytopathology. 


Howe, Mary F. Germination and Infection with Sclerospora gram- 
mmicola. Abst. Mycologia. 


Lute, Anna M. Distinction between Seeds of White and Yellow Blos- 
som Sweet Clover in Mixture. Proc. A. O. 8. A. 


Lyon, Mildred E. and Albina F. Musel. A Direct Method of Testing 
pced ae Eroc, AwOu cen 


Hanson, Herbert C. and L. Dudley Love. A Comparison of Methods 
of Quadratting. Ecology. 


Pastures for Spring and Fall Grazing in Mountains of 
Colorado. 


————— Improvement of Grazing Lands. 
The Forester, 
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Range Reseeding. 
The Producer. 


and Richard V. Lott. Root Systems of Strawberry 
Varieties Under Lrrigation at Fort Collins, Colorado. 


LeClerg, E. L. Onion Diseases of Colorado. 


Smith, E. C. Ecological Observations on Colorado Myxomycetes. 
Myc. Section, Am. Bot. Society. 


Trametes Hispida, a Destructive Parasite in Colorado 
Apple Orchards. Mycologia. 


Respectfully submitted, 
L. W. DURRELL, Botanist. 


REPORT OF THE CHEMIST 
To the Director: 


During the time covered by this report, this section has finished 
the project entitled “Sources of carbon dioxid in soils cropped to al- 
falfa or clover and its relation to soil changes and plant growth.” 


This project was extended in order to follow the development of 
the carbon dioxid in the soil during the first year after these crops had 
been plowed under. The whole series of plots, fallow as well as cropped, 
was studied. 


A small section, representing the whole series, was planted to wheat 
the spring after the crops were plowed under, but the rest of the land 
was fallowed in order to follow the carbon dioxid. The results of these 
experiments have not yet been published. The manuscripts are now 
in your hand. 


The results of our observations on the amounts and distribution 
of the carbon dioxid, present too many features to permit presentation 
in this report, but the crops obtained the first year after alfalfa and clover 
were instructive. The seeding was at the rate of 90 pounds per acre. 
After the alfalfa, the wheat grew rank and tillered freely but the grain 
was shrunken and the yield the smallest of the four plats which stood 
in the following order: After fallow 58 bushels, after corn 56, aftcr 
clover 46, after alfalfa 40. 


The protein content after alfalfa, 19 percent, after fallow, 17.25, 
after clover, 17.5, after corn, 12.75. 


The succeeding year, 1929, the whole piece was planted to wheat, 
the same variety as in 1928, but the seeding was made 40 pounds to the 
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acre instead of 90 because we surmised that the tillering and rank growth 
after alfalfa might be the cause of the relatively adverse results after 
alfalfa. The growth in 1929 did not show the differences observed in 
1928, but was very good and uniform and the yields satisfactory, but 
the alfalfa plots fell below the fallow by 5 bushels, probably not a sig- 
nificant difference. 


We made a small experiment with ground rock phosphate, super- 
phosphate and gypsum. The gypsum was used, not because there Js 
any lack of it in this soil, but to get an idea of the effect of the gypsum 
in the superphosphate, if it had any. 


Of these three, gypsum alone produced an evident effect on the 
growth of the plants and gave the highest yield obtained, 57.5 bushels. 
All other details of this project will be given in the bulletins presenting 
the results obtained in this study. 


The project being studied at the present time is ‘‘the deterioration 
of alfalfa hay due to wetting by rain in the field while curing.” This 
project will not be completed until the samples of 1930 have been studied. 


This project was undertaken because there seems to be but little 
positively known about the subject, and the facts given in Bulletin 35 
of this station, published 34 years ago, seem to be but little known. 


Some statements made in Bulletin 35 are reproduced in the follow- 
ing: 

“The total rainfall between May 28th and June 12th, the respective dates of 
cutting and putting into the mow, was 1.76 inches. The weather during this time 
ranged from 72 to 81 degrees. Any calculations based upon the above (analysis) 
without further data would evidently be liable to lead to erroneous conclusions, but 
it suffices to show that the popular estimate of the value of such hay is not far from 
correct; i. e., about one-half that of good hay. The damage is not simply the amounts 
of proteids and nitrogen-free extract (carbohydrates) lost, but also the loss of those 
general qualities recognized as essential to good hay.” 


The. whole subject of vitamins has been developed since these 
sentences were written, and these must be taken into consideration. 
Feeding experiments with white rats are being made to establish the loss 
of these factors, which seems to be very large indeed. 


__ The details of this study are too extensive to properly find place 
In a general report. 


Respectfully submitted, 
WM. P. HEADDEN, Chemist. 
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REPORT OF THE AGRICULTURAL ECONOMIST 
To the Director: 


During the year ending June 30, 1930, the Section of Agricultural 
Economies and Rural Sociology has continued its studies on nine projects, 
eight of which have been approved for development with Purnell funds. 


Project No. 1.—An Economic Study of the Peach Industry 
in Colorado.—This work was initiated in 1926-27 in cooperation 
with the Division of Farm Management and Costs, Bureau of Agri- 
cultural Economics, U. 8. Department of Agriculture, and it has been 
carried during the past 2 years in cooperation with the Extension 
Service of the Colorado Agricultural College. The original records 
dealt with labor and material costs in producing peaches. More re- 
cently attention has been given to a study of the farm business as a whole. 


Farm-business analysis records for the year 1928 were secured dur- 
ing the summer of 1929. The necessary calculations have been made 
on these records; the information has been transferred to office sheets 
and the results have been set up in tabulated form. At this stage com- 
plete records covering 2 years have been made available. A preliminary 
report in which comparisons are made for the years 1927 and 1928 js 
in preparation. Copies of this report will be returned to cooperating 
farmers during the current year. 


Project No. 2.—An Economic Study of Farm Organization 
and Management in the Greeley Area and in Northeastern 
Colorado.—This study was begun in 1922 and records have been main- 
tained continuously in this region for a period of 8 years. The project 
was developed during the early years in cooperation with the Division 
of Farm Management and Costs, Bureau of Agricultural Economics, 
U. S. Department of Agriculture. Within the past 4 years the work 
has been developed entirely by this department. 


There are four phases of economic endeavor under consideration 
at the present time. These include (1) a continuation of detailed farm- 
accounting records on some 15 or more farms which have been a part 
of this enterprise since 1922; (2) a detailed study of some representative 
dairy farms, starting with the calendar year 1929; (3) financial farm 
records on irrigated farms continuous since 1922; and (4) financial 
records of representative non-irrigated farms for the years 1927, 1928 
and 1929. In addition to the purely statistical material which has been 
assembled, much valuable information has been secured with reference 
to farm organization methods, farm practices and farm returns. 


A manuscript dealing with the cost of feeding cattle in Northern 
Colorado has recently been prepared and will be available for publication 
in the near future. 
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Project No. 3.—A Study of Costs and Methods of Producing 
Cattle and Sheep on the Range in Colorado.—Four departments 
are represented in the study and analysis of this project, and two 
distinct but closely related regions are involved. The cooperating 
agencies are: The Bureaus of Animal Industry and Agricultural Econom- 
ies in the U. S. Department of Agriculture, the Wyoming Experiment 
Station and this department. Approximately 20 records are being 
maintained for the North Park area in Colorado and 22 records for the 
Saratoga Valley in Wyoming. 


To date, records have been assembled and checked for 19 ranches. 
Practically all of the accounts for the year 1929 have been closed and 
summary statements have been prepared so that cooperating ranch- 
men may have available financial summaries for the past year. The 
route man has made an average of six visits per ranch during the past 
year. A preliminary report relating to the cost of producing hay on 
North Park ranches is being prepared and will be distributed to co- 
operating ranchmen early this season. 


Project No. 4.—A Study of the Social Status of Spanish- 
speaking People in Rural Colorado.—Within the past year the 
collection of material relating to this subject has been completed. A 
number of meetings dealing with Spanish problems have been attended; 
a number of conferences in which the leader of the project has partici- 
pated have been held; a rather extensive list of references has been 
examined and further observations have been made in the field. The 
material collected was assembled in the form of a manuscript. This 
manuscript has been rewritten and worked over in part several times. 
Within a few days the last chapter dealing with conclusions and sug- 


ees will be completed. This outline will then be submitted for pub- 
ication. 


Project No. 5.—A Study of Taxation in Colorado, Particu- 
larly in Its Relation to the Agricultural Industry.—This project 
has been carried on a cooperative basis with the Division of Finance 
Bureau of Agricultural Economics, U. 8. Department of Agriculture. 
During the current year this division has prepared a large amount of 


ee information with reference to public-school finance in Colo- 
rado. 


A beginning has been made in the study of county government. 
Our local county was selected for the initial work. Colorado Station 
Bulletin 361, entitled “The Cost of Local Government,” has been pub- 
lished and will be distributed shortly. Another manuscript dealing 
with the cost of public schools in this county has been prepared and is 
in the hands of the editor. Mr. N. E. Woodard, a graduate student 
is making an analysis of the feasibility of establishing a centralized 
purchasing department for Colorado counties, particularly in con- 
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nection with securing school supplies. Thus far he has reviewed the 
literature on the subject published in the United States and Canada 
and is attempting to secure as much information as possible from several 
foreign countries. 


Project No. 6.—A Study of Methods of Storage and Market- 
ing Practices in Handling Onions on Farms in the Arkansas 
Valley.—This project was organized in the beginning for the purpose 
of making a study of marketing practices and storage costs in handling 
potatoes in the San Luis Valley. The entire enterprise has been develop- 
ed ijn cooperation with the Division of Markets, State House, Denver, 
Colorado. 


The results of our investigation, covering a 3-year period in the 
San Luis Valley, have been completed and the assembled materials 
are being placed in manuscript form for publication. During the past 
autumn and the early part of the present year, cost-of-production records 
have been obtained from some 15 or more farm operators in Otero 
County. Storage information has also been assembled for these farms 
and in several cases complete farm-business analysis records have been 
obtained. It is our intention to prepare and submit a preliminary 
report dealing with the cost of producing onions and a report likewise 
on some of the major storage features of this study. 


Project No. 7.—An Economic Study of the Apple Industry 
in Colorado.—In its inception this project was conducted in co- 
operation with the Division of Farm Management and Costs, Bureau 
of Agricultural Economics, U. 8. Department of Agriculture. During 
the past 2 years the field work has been developed in cooperation with 
the Extension Service of the Colorado Agricultural College. The 
preliminary reports have been prepared and returned to cooperating 
farmers in this general region. Our work on this project now includes 
financial studies for 3 years and several types of farming have been 
considered in this analysis. Material is available for a 3-year pre- 
liminary report which will be returned during the summer of 1930. 


Project No. 8.—An Economic Study of Land Utilization in 
Northwestern Colorado.—This enterprise was undertaken in 1927 
in cooperation with the Division of Land Economics, U. S$. Depart- 
ment of Agriculture, and includes a study of land utilization in North- 
west Colorado. Farm-business analysis records have been assembled 
in Moffat, Routt and Grand counties for 3 successive years. For 2 
years preliminary reports have been prepared and returned to cooperat- 
ing farmers. The Division of Land Economics has given attention 
to materials collected from the Forest Service, the U. 8. Land Office 
and from county records relative to land utilization in this region. 


Project No. 9.—A Study of the Major Types of Cooperative 
Organizations or Associations in Colorado.—This enterprise was 
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developed in its early stages in cooperation with the Division of Co- 
operation, Bureau of Agricultural Economics, U. 5S. Department of 
Agriculture. There are now 24 cooperative grain elevators that are 
furnishing information with reference to such items as number of stock- 
holders and patrons, amount of capital stock, amount and source of work- 
ing capital, indebtedness, physical properties of each elevator, grading- 
equipment used, buying and selling policies, cooperative features, etc. 


Prior to the development of this study dealing with cooperative 
elevators, data were obtained from approximately 80 cooperative 
associations in the state. This manuscript is now in the preliminary 
stages and will be submitted in bulletin form in the near future. It 
is our intention, however, to make some further study of these co- 
operative units before the final outline js published. 

Respectfully submitted, 
L. A. MOORHOUSE, 


Agricultural Economist. 


REPORT OF THE ENTOMOLOGIST 
To the Director: 


Following is a brief report upon the work carried by the Entomol- 
ogy Section of the Experiment Station during the past year: 


The only important change in personnel has been the placing of 
Mr. Louis G. Davis in charge of the work at the Mesa County field 
station in Grand Junction in place of Mr. Wm. P. Yetter, Jr., who 
left a year ago to take a position with the U. 8S. Bureau of Entomology. 


Much of the research work in Entomology is carried in cooperation 
with the funds of the State Entomologist and the Department of 
Entomology, to the advantage of all three lines of work, as it makes it 
possible to secure more competent men, and the three phases of the work 
are very closely related to each other. 


The bulletins that have been published from this section during the 
year are: 


No. 352, The Sulphide Sulphur Content as a Basis for Diluting 
Lime-sulphur for Spraying, by George M. List. 


No. 354, Some Factors relating to the Feeding Habits of Grass- 
hoppers, by George 8. Langford. 


Press Bul. No. 72. Preliminary Notes on the Action of Strychnine 


on the Wyoming Ground Squirrel (Citellus el 
en Burncre TE ile aa 
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The losses from insect pests during the year have not been un- 
usual as compared with previous years. Among the insects causing 
heavy losses were: Grasshoppers, cut-worms, and the alfalfa weevil 
to general farm crops; the codling moth, several species of plant lice 
and scale insects to the fruit crop; the oyster-shell-scale, elm scale 
and bark borers to forest and shade trees; and cut-worms, plant lice, 
the red spider, flea beetles, the onion maggot and the cabbage worms, 
to garden crops. Experimental work for the purpose of finding better 
control methods for many of these pests and some others is in progress. 

I am giving below a few notes on the projects upon which more or 
less work has been done during the year, or which have been approved 
for work during the coming year. 


Plant-louse Investigations.—This is an Adams project, carried 
by Miss M. A. Palmer and the writer. Two technical papers have 
resulted from the work during the year, giving habits and descriptions 
of several new species. One of these papers has been published in 
“Annals” and the other has been accepted for publication and will appear 
soon. A large amount of work has also been done in the preparation 
of an illustrated list of Colorado Aphididae, Part I of which is about 
ready for the printer. 


Ants in Relation to Plant Lice.—This is a Hatch project in 
charge of Dr. C. R. Jones. Progress has been made in the gathering 
of data on life histories and in methods of control. The work will be 
continued along these lines during the coming year. 


Codling-moth Studies.—This project is supported cooperatively 
on the funds of the State Entomologist and the Experiment Station, 
the work being chiefly in the nature of comparative tests in the field 
for the control of the codling-moth in Mesa and Delta counties. In 
this work we are cooperating with the Bureau of Entomology in the 
testing of the Siegler treated band for the capture and destruction of 
the larvae of this insect. The tests to date have given excellent results. 
The project is in charge of Mr. George M. List, with Mr. J. H. Newton 
and Mr. L. G. Davis as helpers. 


Codling-moth Control by an Eg¢ Parasite.—This is a Purnell 
project which is carried in cooperation with the State Entomologist’s 
funds, and is in charge of Mr. List. Many difficulties have arisen in 
the work of breeding this parasite, to overcome which has called for 
much ingenuity and perseverance in devising apparatus and methods 
of securing proper temperature and humidity to insure success. At 
present about 30,000 parasitized eggs are being shipped daily to be used 
in the orchards of the State to determine what effect may be secured 
by this parasite in the reduction of wormy apples and pears. 


Grasshopper Control.—The work in this project has been in co- 
operation with the Bureau of Entomology and in charge of Mr. Frank 
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C. Cowan, and has been directed chiefly to the control of the Mérmon 
Cricket in Northwestern Colorado. Very gratifying results have been 
secured, and it now seems probable that, by the end of the coming sum- 
mer, this insect will be eliminated as a serious pest to the settlers in 
Moffat, Routt and Rio Blanco counties of this state, for several years 
to come. 


Potato Flea Beetle—This project, which is being supported 
wholly on state funds, has been in charge of Mr. L. B. Daniels who has 
been able to add materially to our knowledge of the life habits of this 
insect and its methods of control during the past year. The investi- 
gation will continue during the coming season. 


Resistance of Bees to Foulbrood.—Mr. R. G. Richmond, who 
has been in charge of this project, considers it practically completed 
except for the assembling of his data and the publication of results. 


Colorado Insect Fauna.—This project is in charge of Mr. Sam 
McCampbell, who has made good progress in accumulating additional 
data on Colorado insect fauna and related host plants. 


Relation of the Honey Bee to Clover-Seed Production.—This 
project, in charge of Mr. R. G. Richmond, is supported cooperatively 
by Experiment Station and State Entomologist funds. It was started 
last summer, and already much important information has been secured. 
It seems probable that Mr. Richmond will be able to complete this in- 
vestigation during the present summer. 


Range Insects.—This is a new project to be supported on state 
funds. It has been placed in the hands of Mr. L. B. Daniels, and is for 
the purpose of determining the extent of insect injury to the more im- 
portant native range areas in the state and the practicability of econ- 
omic control. 


General Insect Investigations.—This project is kept alive from 
year to year to enable the Entomology Section to meet any emergency 
that may arise unexpectedly for the control of an insect pest not in- 
cluded in the regular program. But little work was called for on this 
project the past year, 


Rodent Life Histories.—This project is in charge of Mr. W. L. 
Burnett and has for its purpose the securing of additional data that 
may help in devising methods of control for injurious rodents. Fair 
progress has been made in this work during the year. 


Rodent Poisoning.—Control of our most destructive rodents 
in Colorado is accomplished largely thru the use of food poisons. Mr. 
W. L. Burnett, who is in charge of this project, has obtained some very 
significant results in his experiments, especially in the use of “Colorado 
Formula 46,” which were published in Press Bulletin 72 from the station. 
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The most important results were that prairie dogs and Wyoming ground 
squirrels, at least, are not repelled in the least by strychnine or other in- 
gredients used in this formula, and that they eat the poisoned grain more 
freely than they do the unpoisoned when the two are placed side by side, 
even to the point of taking a fatal dose. This was true even when the 
poisoned grain was taken in less than fatal doses for many days before 
the lethal dosage was reached. 
Respectfully submitted, 


C. P. GILLETTE, Entomologist, 


REPORT OF THE HOME ECONOMIST 


To the Director: 

The project underway during this year is one on the Baking of 
Flour Mixtures at High Altitudes. 

The manuscript reporting on the technical work of the project 
is now in the hands of the printer. . 

During this fiscal year, the major part of the time has been spent 
in the preparation for the second phase of the project; the interpretation, 
from a physical chemistry standpoint, of technical results reported in 
the manuscript. 

In preparation for this interpretative work, it was necessary to 
secure better control of all variables. The insulation of the laboratory, 
more accurate control of oven temperature, more uniform distribution 
of heat within the oven, and humidity control—these are some of the 
problems that have required much thought and time. 

Early in April, Miss Florence Schott, leader in research, and Miss 
Margaret Scheve, were accorded laboratory privileges at the University 
of Minnesota. There they have access to scientific apparatus we are 
searcely justified in purchasing. 

Their studies include surface film, surface tension and foam be- 
havior of constituents and combinations of constituents of cake mix- 
tures. 

Respectfully submitted, 
INGA M. K. ALLISON, Home Economist. 


REPORT OF THE HORTICULTURIST 


To the Director: 

I submit herewith a brief report on the work on the different 
horticultural projects. The report will necessarily be short since not 
much has been done on the project since the last report. However, 
a brief statement on each project will give you an idea of what is being 
done. 
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Spanish-Onion Breeding.—This work is carried on both at Fort 
Collins and at Rocky Ford. A number of crosses between the Valencia 
and the Brown Australian onions were made last year and the seed has 
been sown this spring from which selections will be made at the end 
of the season. Also, for 2 years we have been doing selection work 
with the Valencia onion, using a definite type, both as to shape and to 
color. Several thousand selected bulbs have already been planted and 
are doing well. The season has been very favorable for the seeding 
and for the setting out of the bulbs and we anticipate fine results during 
the season. 


Development of Tipburn-resistant Varieties of Head 
Lettuce.—This work is carried on at Fort Collins. A number of crosses 
have been made between the variety known as New York, the common 
type of head lettuce, and the small-headed purple-leaved variety known 
as Mignonette. The results of these crosses, from the last 2 years’ 
work, have given us a supply of seed that was planted this spring and 
the plants are now growing in the garden. There will be considerable 
work during the season in the way of selection and roguing out of un- 
desirable types and the fixing of those crosses or hybrids that have proved 
acceptable. It is hoped that we shall be able to produce a variety or 
varieties that are tipburn resistant. It is a well-known fact that a var- 
iety like the Mignonette is highly resistant to this disease. This work 
is progressing very satisfactorily. 


Potato-variety Testing and Improvement by Selection.— 
This project has been in progress for a number of years and will be 
continued. The work is done at Avon where conditions are favorable 
for this type of work. There is a wide variation in varieties and also 
in strains of each variety. We hope by careful study of the varieties 
collected and grown, as well as the strains, to bring out superior yielding 
varieties and varieties that are more resistant to disease. 


_ Strawberry Investigation.—The work of this project has been 
in. progress for the last 3 years. We have been having considerable 
difficulties with most of the varieties under observation for the reason 
of root yellows, a disease that is becoming very prevalent in Northern 
Colorado and is spreading to other sections. Some varieties seem to 
be miore resistant than others. We are mainly concerned in selecting 
individuals that appear to be resistant, to propagate these for increase 
and to test them out in larger areas. 


General Variety Testing of Tree Fruits.—This project is carried 
on at Austin in Delta County, Colorado. It is of long duration and the 
reason for its inception was the constant addition or additions of new 
varieties to our fruit list. Some of these individuals have commercial 
possibilities and in order to test them out and be in position to advise 
the growers, we have provided for space so that all new varieties can be 


Forty-Totrp ANNUAL REpPoRT 35 


tested out and fruited and the desired information obtained. This 
work has been going on now for the last 6 years and some really promis- 
ing varieties of fruit in the way of new varieties have been brought out. 
This work will be indefinitely extended and publications will be forth- 
coming when we have a sufficient number of kinds to report. 


Grape Growing.—The grape-growing project on the Western 
Slope, especially with reference to European varieties, has also been 
in progress for 4 or 5 years. We have demonstrated that European 
grapes can be grown successfully in Western Colorado, provided proper 
care is given the vines and also proper protection during the winter. 
If these precautions are taken, most of the standard varieties of Euro- 
pean grapes can be grown with profit. We should be in position to give 
definite information within a year or so. 


Orchard Management.—The project of general orchard manage- 
ment, including cover crops, etc., has been carried on at Austin in con- 
nection with the work of the State Horticulturist. The results of this 
work have been very encouraging. The increase in production and in- 
crease in quality under a system of orchard management has been very 
noticeable. The fruit growers of Delta County are watching the work 
and are gradually adopting the method we are using. We expect to 
publish a bulletin on this work during the year. 


Raspberry Investigations.—This project started 2 years ago, 
using varieties that we had in the garden and also by adding new 
varieties. There has been considerable controversy as to the present 
methods of pruning and thinning the canes of raspberries. The results, 
as tabulated during the winter months, show conclusively that pruning 
should not be excessive; that the number of canes to the hill should be 
reduced and possibly, instead of setting the plants in hills, they should 
be spaced individually in the row, giving a better chance for lateral 
growth of the canes. From the data obtained, we believe that a better 
system of handling raspberry plantations should be worked out and with 
better results to the growers. Preparation has been made to check 
on last year’s work and to get a larger amount of data on which to base 
final conclusions. 

This covers the main projects as outlined. 

In addition, we have the variety testing and selection of garden 
peas, a project that we have been carrying for the past 3 or 4 years and 
we hope to reduce the number of varieties under observation and to 
increase the stock and make further selections. This work has been 
of considerable value in developing more productive and disease-resis- 
tant strains of peas, particularly varieties like the Dwarf Telephone. 


Respectfully submitted, 
E. P. SANDSTEN, Horticulturist. 
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REPORT OF THE IRRIGATION ENGINEER 


To the Director: 
During the year ending June 30, 1930, the following projects have 
been actively pursued: 


Measurement of Water.—Since the development of the smaller 
sizes of the improved Venturi flume in the hydraulic laboratory, con- 
siderable interest in the use of larger flumes has been manifested. 
The performance of the 40-foot improved Venturi flume on the Fort 
Lyon Canal has been such as to fully verify the accuracy and constancy 
of this device in measuring large flows under adverse conditions of sand 
and silt carried in the streams. 


Because of the practicability of the several large flumes in operation 
in the Arkansas Valley last year, others have since been constructed, 
mostly of reinforced concrete, while in the valley several other canals 
are to be equipped with this type of measuring device very shortly. 


For previous large installations an automatic discharge indicating 
mechanism was provided, consisting of a graduated metel ribbon tape 
actuated by means of a float. To completely indicate the discharge 
thru the improved Venturi flume, two depths or heads, H, and Hy}, are 
required, and recently an instrument has been developed which records 
these two heads on a graduated chart by means of two pens, using 
different-colored inks; also incorporated in this instrument is a simple 
means of indicating the values of the heads, H, and Hy, in feet, as well 
as showing the rate of discharge in second-feet. The indicated rate of 
discharge is only true for condition of submergence not exceeding about 
80 percent. Twelve such instruments are being built at the hydraulic 
laboratory and are being installed on a number of the large flames now 
jn commission in the Arkansas Valley. 


The requirements of measuring flowing water have necessitated 
the design and calibration of a 3-inch improved Venturi flume. The 
40-foot flume has a maximum capacity of more than 2,000 second-feet, 
while the small 3-inch size will accurately measure about 0.02 second- 
foot asaminimum. This great variation in range of discharge permits 
meeting practically all requirements from an irrigation standpoint. 


The adjustable tube meter, which has been developed at the hy- 
draulic laboratory, is to be installed in the Arkansas Valley on a small 
channel of flat grade having bad sand and silt conditions. Laboratory 
tests indicate that this device is well suited for the measurement of 
flowing water where little loss of head is available, and also where de- 
posits in the channel are contending factors. 

An extensive accumulation of current-meter data has been com- 
puted and compiled with the intention of preparing a report suitable 
for publication as a bulletin. 


This project is supported by Hatch and State funds. 
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Pumping Projects.—The study of the relative costs of irrigation 
by pumping and that supplied as ditch or reservoir water made in Weld 
County during the summer of 1929, shows that under the more favor- 
able conditions for pumping the cost per acre-foot of water delivered 
is practically on a par with the cost per acre-foot delivered by the 
ditch. A similar study is under way for the summer of 1930 in the Ar- 
kansas Valley near Fowler. It is not expected that the costs of water 
by pumping and that delivered by ditch for the present set-up will be 
as close in agreement as those found in Weld County last year. 

Maps of various sections of the state have been prepared on a 
suitable scale, showing the location of existing wells used for irrigation 
supplies. Each well is numbered, and by reference to a filing card all 
pertinent information may be had as to any particular well, such as 
depth, diameter, probable yield, cost, and, where available, the log of 
material encountered. 

Observations are being made on the possibilities of drainage by 
means of pumping on two farms near Eaton. 


Evaporation from a Free Water Surface.—This project has been 
virtually closed. The excellent report by Carl Rohwer covering this 
extensive study has been completed and submitted for publication. 
This project was carried out cooperatively with government funds and 
the report is now being considered as a bulletin to be issued by the United 
States Department of Agriculture. In connection with this project, 
some special] observations are being carried on the evapo-transpiration 
losses from blue grass and swamp grass grown jn tanks with the water- 
table at 6, 12 and 18 inches. Fallow tanks are being maintained in each 
of these series and also two tanks having a free water surface. Meteoro- 
logical data are observed in connection with this study. 


Meteorology.—This project has been a continuing one for many 
years and is supported wholly on state funds. The meteorological 
data, observed each day at 7a.m. and 7 p.m., constitute a very popu- 
lar source of information. Unusual weather conditions bring many 
inquiries as to maximum and minimum temperatures, as well as in- 
tensities of storms. Daily temperature and precipitations are published 
in the local paper. 


Project Work for the Coming Year.—It is expected that the 
present installation of large improved Venturi flumes in the Arkansas 
Valley and elsewhere in Colorado will provide facilities for the com- 
plete study of this subject. Observations on canals in the Arkansas 
Valley and other places in Colorado indicate the seriousness of the ef- 
fect of sand and silt deposits from the standpoint of operation. Numer- 
ous methods are now employed in combating this menace which, in 
many cases, appear to be ineffective. The satisfactory solution of this 
problem is most urgent and it is especially recommended that attention 
be given to the study of this important!matter. 
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To more ably recommend the proper location, depth and size of 
wells for irrigation supplies, some attention is now being given to the 
possibility of investigating the problem. In general, it is proposed to 
sink several wells of various depths and diameter, in a selected area, 
and then study the effect on yield and draw-down, as well as perforation 
of casing. From these data it is expected that more assurance can be 
placed on suggesting to the farmer the proper requirements of well 
and equipment in producing an efficient water supply. 

Respectfully submitted, 
RALPH L. PARSHALL, Irrigation Engineer. 


REPORT OF THE VETERINARY PATHOLOGIST 


To the Director: 
Following is a brief report by projects of the work being carried 
by the Veterinary Pathology Section: 


Sheep Losses in the Feedlots.—The unusual prevalence of 
coccidial dysentery has given us an opportunity to write up nine suc- 
cessive outbreaks, and submit this material for publication. 

We have accumulated a considerable number of cultures from 
cases of pneumonia, which are waiting time for their determination. | 

The paper detailing the work on thallium poisoning in sheep will 
be published in the Journal of the American Veterinary Medical As- 
sociation for June. 


Death Losses in Lambs on Heavy Grain Feed.—We have car- 
ried 10 lambs in an attempt to reproduce the condition of over-eating, 
making weekly observations on the sugar content of both the blood 


and urine, but so far we have not succeeded in reproducing the typical 
condition. 


Contagious Abortion.—A recent test on the college herd shows 
that it is still clean. After the re-infection of the range-management 
herd, it now seems to have been freed of all re-actors. 

The herd at Fort Lyon still continues to give us trouble, but we have 
finally found an explanation of the reason for the perplexing conditions 
that have prevailed there during the last 3 years. Two animals in 
that time have aborted that have been negative at the end of the 30- 
day observation period, and have been returned to the clean herd, only 
to become positive at some later time. This seems to indicate that 
returning aborting animals to the clean herd, even tho they are negative, 
is a dangerous practice. Our experience in the college herd, where five 
negatively re-acting aborters were found, indicated that this was a 
safe procedure. Another problem that has been fraught with disaster 
in the Fort Lyon herd is the aborting of animals previously clean, and 
then becoming re-actors at the next test. 
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General.—There is an increasing demand for service work in the 
production of abortion-free herds in the state. 


Because of the interest in undulant fever in man, we have, up to 
date, run blood tests on 30 patients, which have resulted in the finding 
of seven positive cases. All of these have been mature, the youngest 
being 19 years of age. Two out of the seven have been veterinarians. 
There has been one death. 


Among poultry diseases, infectious bronchitis in baby chicks and 
leukemia in mature fowls ought to be mentioned as of unusual preval- 
ence. 


Tabulation of our diagnostic work done in the laboratory follows: 


J NCCT LS eee Cet ee 145 Helin eran ee ie ee 3 
Lk, See ae aon 33 Gs gles ite ee IR le nha as 46 
ESTE aS i a ee eT 12 Di Caer tte ee Gee G 
| Bat ts IE aled ie Ra ae Ree + RiGden tse ewe ae ee 5 
Miscellaneous.____.............-.....- 51 Prune eee ee ey 
Milk for abortion test 2... Paul Os cemenVY CLC Dia Se Se aus, 2 
Baby chicks examined for White Diarrhoea—131 lots, 79 positive 

PiernatsOn. (OM raves. 22 eo 0 7 positive 


Blood Tests 
Contagious abortion.....2,176 453 positive 20.81 percent positive 


White Diarrhoea.......... 4,592 342 positive 7.44 percent positive 
Undulant Feverinman 15 5 positive 33.3 percent positive 
Publications 


“Coccidiosis in Cattle,” by I. E. Newsom. Veterinary Medicine, 
Vol. XXIV, No. 10, October, 1929, pp. 429-431. 


“Pathogenic Spore-Bearing Anaerobes in the Carcasses of Sheep,” 
by I. E. Newsom, Floyd Cross and Herta $. Dobbins. Jr. of Inf. Dis., 
Vol. 45, No. 5, November, 1929, pp. 386-392. 


“Sheep Diseases,” by I. E. Newsom. Vet. Med., Vol. XXIV, No. 
12, December, 1929, pp. 526-532. 


“Paratyphoid Dysentery in Lambs Again,” by I. E. Newsom and 
Floyd Cross. Jr. of the A. V. M. A., Vol. LXXVI, N.S. Vol. 29, No. 
1, pp. 91-92. 

Respectfully submitted, 


I. E. NEWSOM, Veterinary Pathologist. 
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ENGINEERING DIVISION 
To the Director: 
Lam submitting herewith the reports from the Engineering Division 
of the experiment Station for the year ending June 1; 1930. 
Very truly yours, 
L-D CRAIN, Vice Director 


REPORT OF THE CIVIL ENGINEER 


To the Vice Director: . 

Following is the annual report of the Civil Engineering Section 
of the Experiment Station and covers the work done by this section 
from June 1, 1929 to June 1, 1930. 


Usually the heavy work in the Road Materials Laboratory comes 
during the summer time when much material is sent in by the State 
Highway Department to be tested. The summer of 1929 was no ex- 
ception and the usual amount of testing work on road materials was 
done. Late in the fall, however, about 400 soil samples were sent in, 
together with a lot of oil samples, and this kept the force extremely busy 
all winter and spring of 1980. 

This work is completed at this writing and we are ready for the 
concrete cylinders and aggregates which are now coming in and will 
continue to come in thruout the summer. 

During the past year 1,737 concrete cylinders representing all 
bridges, pavement and culverts constructed by the state have been 
tested. It is interesting to note that a careful control of field mixes 
based on the results of tests made in this laboratory has increased the 
average strength of Colorado concrete pavements from 3098 pounds 
per square inch in 1926 to 3618 pounds per square inch in 1927, and 
4023 pounds per square inch in 1928. These figures were compiled by 
Mr. Roy Randall, Office Engineer of the State Highway Department. 
This Increase in strength of concrete in our highway pavements means 
lower maintenance costs and better wearing road surfaces for Colorado 
in years to come. The above cooperative work with the State Highway 
Department constitutes the bulk of the work done in the roads lab- 
oratory. There are, however, several experimental projects upon 
which data are being gathered. 


No. 1. The Frost Heaving Project has been carried forward 
thruout the year. The changes in elevation of points on two concrete 
slabs are being recorded and periodic tests of moisture content of the sub- 
soil taken. This work was started in December, 1928, and has now 
been carried thru two winters and one summer. We should be able 
to draw some tentative conclusions from this data by next spring. 
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No. 2. Pavement Cores and Subgrade.—During the summer 
of 1929 the State Highway Department continued to take core samples 
from Colorado concrete pavements and corresponding samples of sub- 
grade on the Denver-Colorado Springs Highway. Two hundred and 
twelve cores and 423 samples of subgrade soil were sent in during the fall 
and were tested during the winter period. It is intended to write a 
summary of the results of these tests and the conclusions drawn, early 
next winter. 


No. 3. Light Asphaltic Road Surfaces.—This js a new project 
which gives much promise of good results. It is intended to carry out, 
under field conditions, the construction of several miles of oiled graveled 
road and then watch the wearing qualities of this road, sections of which 
are to be treated with different oils. This summer six, half-mile sec- 
tions of this kind of road will be constructed between Eaton and Nunn, 
Colorado. Each section to have the same subgrade and aggregate, the 
only variable being the oil to be used. From the wearing qualities of 
these sections will be picked two or three of the best oils. These 
selected oils will be used the following summer on another experimental 
road and the type of aggregate will be varied on the different sections. 
In this way we hope to find the best oils and the proper aggregate to use 
on oiled graveled roads for different sections of the state. 


No. 4. Road Materials of Colorado.—Work on this project 
during the year has consisted of testing samples of surfacing materials 
and a smaller number of samples of concrete aggregate sent to the 
laboratory by resident engineers of the Highway Department. 


No. 5. Road Oils.—Oiled gravel surfaces for all secondary roads 
in Colorado seem to solve the problem if properly constructed and main- 
tained. This type of road has been very successful in several of our 
Western States. At the end of the summer of 1930 Colorado will have 
approximately 200 miles of this kind of road. During the past year 
218 oil samples were tested in the laboratory as it is found that certain 
qualities of the oil are essential to successful wearing qualities of this 
type of highway. 

A number of samples of Asphalt wearing surfaces for bridges have 
also been tested in the laboratory during the past year. 


Taking it all together the year has been a busy one. We were 
unfortunate in having to change testing engineers during the year. 
Mr. Don Tripp resigned on September 1 to take a position with the 
Missouri State Highway Department and Mr. Carl Carpenter took 
up the work on October 1, 1929. A change of this kind always disrupts 
the work to a greater or less extent. Mr. Carpenter, however, has shown 
himself to be a capable man and after becoming acquainted with the 
nature of the work, has carried it on in a satisfactory manner. 

The work has been done by himself and three student assistants, 
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altho it was necessary to put on an extra full-time man for about 6 weeks 
during the heavy testing period. 

There is a good deal of drudgery connected with this work for it 
consists in making the same tests over and over again on different 
samples. 

Altho the work piled up on us last fall and early winter, it is now 
all cleaned up and we are taking care of the tests as the samples come 
in, without delay. 

Respectfully submitted, 


E. B. HOUSE, Civil Engineer 


REPORT OF THE MECHANICAL ENGINEER 


To the Vice Director: 

Following is the annual report from the Mechanical Engineering 
section-of the Experiment Station for the year ending June 1, 1930. 

The Mechanical Engineering Section has done no work during the 
past year due to the fact that Mr. Logan, who was the assistant in 
charge of the work, resigned to take a position at the Kansas State 
Agricultural College, and that a suitable successor has not been selected 
up to the present time. 

The coming year we hope to do considerable work in the section 
as a man has been selected and if he is approved by the board, will be 
in charge of the work. 

Respectfully submitted, 


L D CRAIN, Mechanical Engineer 


REPORT OF THE EDITOR 
To the Director: 

Less than the pro-rata number of bulletins were printed during the 7- 
month period, December 1, 1929, to July 1, 1930, probably beeause 
the main rush of publications usually comes at the close of the summer 
vacation. There were, however, 332 bulletin pages with a total edition 
of 26,000. 

Approximately one-fourth of the news and information stories 
sent out from this office were about experiment station workers and 
activities. In addition to the newspapers of Colorado, we are now 
sending the “blue sheet” to about 185 farm and home magazines thru- 
out this country and Canada. Inquiries from without the state, and 


especially returns from our clipping service, prove that this out-of- 
state circulation is decidedly worth while. 
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The editor had charge of the experiment station exhibit at the Nat- 
ional Western Stock Show in Denver during January. Considerable 
“new decorating had to be done. 
Following are the publications issued during the 7 months: 
Bul. 354—Some Factors Relating to the Feeding Habits of Grass- 
hoppers. 53 pages. 1,500 {eopies. 
Bul. 357—The Home Vegetable Garden. 
45 pages. 5,000 copies. 
Bul. 359—Ideal Types for Colorado Standard Potato Varieties. 
23 pages. 5,000 copies. 
Bul. 360—Pastures for Spring and Fall Grazing in Mountains of 
Colorado. 12 pages. 2,000 copies. 
Bul. 361—The Cost of Local Government in Larimer County, Colo- 
rado. 84 pages. 4,000 copies. 
Bul. 308 (Revision)—Adobe Brick for Farm Buildings. 
30 pages. 3,000 copies. 
Press Bul. 71—Corn and Hog Millet for Fattening Lambs. 
6 pages. 2,500 copies. 
Press Bul. 72—Action of Strychnine on Wyoming Ground Squirrels. 
4 pages. 1,500 copies. 
Forty-second Annual Report. 75 pages. 1,500 copies. 
Respectfully submitted, 


I. G. KINGHORN, Editor 


REPORT OF THE VETERINARIAN 


To the Director: 

In the Veterinary Section there is but one project, that-of Animal 
Diseases. This is a general project supported by state funds, and it 
contemplates incidental investigation of animal-disease outbreaks, and 
the cooperation with state and national authorities in their control. 


Progress in the knowledge of diseases which afflict the domesti- 
cated animals is possible only by eternal vigilance and painstaking 
investigation. New disease conditions are constantly arising and must 
be met by adequate prophylactic and therapeutic measures. 


In a general way livestock conditions in Colorado, from the stand- 
point of health, are normal at the present time. Just now the abortion 
disease of cattle is in the limelight. It has been stated, and is generally 
accepted, that contagious abortion in cattle is causing as much or even 
greater financial loss than tuberculosis. The progress made in the last 
12 years in the control of tuberculosis marks an outstanding achieve- 
ment in this line of endeavor. 
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Malignant Catarrhal Fever, which was troublesome during the 
early winter months has subsided. At the present time the diseases 
of animals that are of most economic importance may be summarized 
as follows: Contagious abortion in cattle; coccidiosis in several species 
of farm animals; paratyphoid conditions, especially of hogs; hog cholera; 
anemia of pigs; preparturient paralysis of ewes; chronic progressive 
pneumonia of sheep; white diarrhoea of chicks; blackhead disease of 
turkeys; lamb losses in the feed lots; poisonous plants. 


Respectfully submitted, 
GEORGE H. GLOVER, Veterinarian 
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THE PRINCIPLES OF BREAD-MAKING 


By N. E. GoLpTHwaAITeE* 
PART I. ANTIQUITY OF BREAD-MAKING 

Interest in any present-day knowledge or art is increased if 
we can trace its development from its beginnings, and so form 
mind-pictures of its evolution. To do this with an art so ancient 
as bread-making is not possible, yet here and there in the record of 
man’s past we glimpse a little of its early history. That bread- 
making had its beginnings long ages preceding man’s written his- 
tory, both geology and archeology combine to prove. Apparently, 
those beginnings consisted merely of wetting or soaking coarsely 
ground grain or nuts, and finally baking the product on hot stones 
before a fire. When, however, bread-making is finally mentioned in 
written history, the mention is so casual, that we can only conclude 
that it had long been a human practice—so long that it was simply 
taken for granted. 

“Bread-making, or at any rate, the preparation of cakes 
from flour or parched grain by means of heat, is one of the 
most ancient of human arts.” 

We get some idea of its antiquity when the geologist tells us 
that in some of the prehistoric Swiss lake-dwellings 

“have been found the calcined remains of cakes made from 
coarsely ground grain..... that date back to the Stone Age. 
These cakes were made of different kinds of grain, barley and 
one-grained wheat being among the ingredients. This bread was 
made, not from fine meal, but from grain crushed between some 
hard surfaces. In these lake-dwellings have been found many 
round-shaped stones which were evidently used for pounding 
or crushing grain against the surface more or less concave of 
another stone.’” 

Then the archeologist, from his researches, tells us that exca- 
vations of ruins in ancient Chaldea, expose in every courtyard an 
oven for bread-making, while close by are found the grinding-stones 
that were evidently used. Also, he tells us that remains of cakes 
of grain have been found in ancient Egyptian tombs—tombs which 
date back to 3000-4000 B. C. That these ovens of Chaldea and the 
grain cakes of Egypt must have come into being long ages succeed- 
ing the Swiss lake-dwellings of the Stone Age, is probably true. 

The Bible, in Genesis XVIII, records that Abraham stays 
his three visitors in order to rest them and to refresh them with 
bread, and that forthwith he says unto Sarah his wife, 


“Make ready quickly three measures of fine meal, knead it and 
make cakes upon the hearth.” 


*Dr. N. E. Goldthwaite formerly carried on home economies investigations for the 
Colorado Experiment Station but resigned in 1927 on account of her health. 

1Enecyclopedia Brittanica, Edition XI, Article on Bread, 

2Ancyclopedia Brittanica, Edition XI, Bread. 
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The date ascribed to this event is about 1900 B. C. 

Further, in Exodus XI, 8, 15, 39, a distinction is made be- 
tween unleavened and leavened breads, showing that at this time 
(about 1500 B. C.), the difference between the two kinds of bread 
was well known. This distinction is also mace in Exodus ML, 
6-7; XXIII, 15; XXXIV, 18, 25; Numbers IX, 11; POG iGEM EYE 
Deuteronomy XVI, 3, 8. 

To leaven means “to excite fermentation in; to raise and make 
light, as dough;’* to raise dough by means of incorporated gas or 
air. Raised bread or “light” bread is leavened bread; it has been 
‘aised by means of the gas, carbon dioxide, evolved by yeast. 
How yeast does this will be considered further on. The unleavened 
bread of the Hebrew Passover was, and is, bread made by mixing 
flour and water, adding a bit of salt, rolling the dough out thin 
and baking. Such unleavened bread was evidently a lineal de- 
scendant of the “cakes” made from coarsely ground grains found 
in the Swiss lake-dwellings of the Stone Age. 

It is a far ery from such coarsely ground unbolted grain and 
the cakes therefrom, to the finely ground bolted wheat flour and 
the “light” breads therefrom of today, When humanity first learned 
to try to “raise” or leaven bread, is entirely unknown. It has been 
conjectured? that sometime some of the wet mass of coarsely ground 
grain prepared for cakes was accidentally left over, and later, when 
baked, was found to yield a cake of a different or lLghter texture 
than the earlier baked dough. This lighter texture was due, of 
course, to the action of the wild yeast that had fallen from the 
air into the left-over dough, and had had time to grow there. But 
it took long ages to discover this—not till the scientist, with his 
microscope and his exact methods, appeared and put his exact 
questions to Nature, and thereby discovered yeast cells and their 
behavior while growing. Further, it has been conjectured that 
semetimes such left-over dough was mixed with freshly prepared 
dough, and that the product, when baked, was found to be a lighter, 
more-palatable cake than when made from a freshly prepared 
dough alone. By repetitions of this process, humanity was on the 
way to learn to make leavened or yeast bread, 

Probably these conjectures are not far from the truth, and 
they do help us to form mind-pictures of what occurred in those 
far-off days, 

_ One wonders, when one visits the interesting Mesa Verde re- 
gion of southwestern Colorado, and there sees within the ruins of 
those long-deserted cliff dwellings, the very stones formerly used 
Century Dictionary. 


‘Encyclopedia Brittanica, 


Gleaming: Edition XI, Bread; Richards, vuaemistry of Cooking and 
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for grinding grains, what sort of bread, if any, the users thereof 
produced. Did they eat the ground grain direct?—or did they 
produce a “cake” made by mixing coarsely ground cornmeal with 
water and baking it on a flat stone? One still finds occasionally 
in those long-deserted dry rooms, ears of corn, evidently raised on 
the mesas above. If so, the product must have been closely akin to 
the hoe-cake that is yet made in the south; closely akin also in 
manner of making, at least, if not in grain used, to the cakes of 
the Swiss lake-dwellings; possibly to those of the ancient Egyptian 
tombs; and possibly to the cakes which Sarah served to Abraham’s 
three visitors. 


PARTY Il, STUDY OF BREAD INGREDIENTS 


The Century dictionary defines the term bread as “a kind of 
food made of the flour or meal of some species of grain by kneading 
it (with the addition of a little salt, and sometimes sugar) into 
a dough, yeast being commonly added to cause fermentation or 
‘lightness,’ and then baking it.” That is the kind of bread con- 
sidered in this bulletin—yeast bread, or “light” bread as it is some- 
times called. Obviously, the basis of such bread is the flour or 
meal used, and usually this is wheat flour. 


Three fundamental ingredients, water, flour, and yeast, are 
essential in making yeast breads; the other three ingredients com- 
monly employed—salt, sugar and fat—are non-essential to the 
main problem of bread-making. To understand the underlying 
principles of making yeast bread, it is of prime importance to be- 
come thoroly acquainted with wheat flour and yeast. 


Srupy or Wueat Frovur 

Every housewife knows that if wheat flour is stirred up with 
as little water as it will conveniently take up, a tenacious and more 
or less sticky dough that can be kneaded is obtained. It is to this 
unrivalled power of forming a tenacious dough, when wet, that 
wheat flour owes to its superior bread-making qualities. Rye flour 
or meal is second to wheat in this dough-making quality. Other 
flours or meals make doughs to a very limited extent, or not at all, 
as cornmeal, 

Tue STrarcH AND THE GLUTEN OF WHeAr.—To understand this 
important dough-making quality of wheat flour, we need to give it 
a little first-hand study. For this purpose let us wash the starch® 
out of a small portion of flour and then examine the sticky sub- 

5In Colorado Agricultural Experiment Station Bulletin 297, Potatoes from the 
Housekeeper’s Standpoint, Part III, the present author discusses the relationship of 
the human body to the earth. In this discussion, such terms as elements, compounds, 
molecules, carbohydrates, starch, protein, dextrin, carbon dioxide, ete., are explained 
very simply. Those who are interested will find The Principles of Bread-making more 


easily understood and more interesting, if they will study simultaneously Part IIT of 
the aforesaid bulletin. 
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stance left. Hence, into a half cup of wheat flour, stir very grad- 
ually just enough water to form a stiff dough; cover eae with a 
damp cloth and let it stand about an hour. ‘Then transfer this 
dough to a small square of clean white muslin, and with a string 
tie the corners and edges of the cloth together to form a loose cov- 
ering. Now fill a large bowl, or a pan, three-fourths full of cold 
water, immerse the dough-ball within, and work it gently but 
thoroly till starch ceases to appear thru the meshes of the cloth; 
thruout this process be very careful not to allow the sticky sub- 
stance that appears, to ooze thru; keep that within the cloth. Fin- 
ally, rinse the dough-ball carefully—under running water if con- 
venient. Notice how milky-looking the water in the bowl has be- 
come; this is due to the starch washed out of the flour. Let the 
bowl with its contents stand till its contents have settled thoroly ; 
this will take some hours; later, we will examine it. 

Meanwhile, open the muslin covering of the dough-ball and 
examine the sticky substance left therein. Compare its color with 
that of the flour used. With hands thoroly wetted (soaked, even), 
pull some of this substance off the ball and notice its strength, its 
toughness, its elasticity. This sticky substance is the gluten of 
wheat; gluten is the dough-making substance—the substance that 
differentiates the flour of wheat from that of all other grains—the 
substance that makes a kneadable dough possible from wheat flour. 

Gluten is protein material, and it consists of several proteins, 
the principal ones of which the chemist has named glutenin and 
gliadin, because of their glue-like qualities. The term gluten itself 
is simply the Latin word g/uten meaning glue, and from it the 
word glutenin is derived; the word gliadin is derived from the 
Greek word glia, also meaning glue. Upon the proportions and 
tenacity’ of these two proteins depends principally the so-called 
strength of flours to which we shall give more attention further on. 

Now, carefully remove the sticky gluten from its muslin coyv- 
ering; coax it into a little cake and bake it in a rather hot oven. 
Notice how, on baking, it puffs out and becomes several times its 
original size. Break it open and notice its texture. Does not this 
texture suggest to you the fact that probably it is gluten that forms 
the framework of a loaf of bread?—that gluten is the substance 
that imprisons the gas produced by yeast and so makes possible the 
raising of bread? This point also we shall return to further on. 

To digress for a moment: Perhaps when you were a child you 
really made the acquaintance, and a very pleasant one, with gluten 
—only you did not know it by that name. Perhaps then you de- 
lighted, like many another child, to get possession of a nice clean 


‘Osborne, American Chemical Journal, Vol. 15 pp. 468-471; Snyder, Studi 
eC, D 1 al Jo al, 5 Alia), 5 8 ; Snyder, § es of 
Bread and Bread Making, U. S. Dept. of Agriculture, Bulletin 101, p. 57. 
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handful of wheat to chew “to make gum of!” No gum you could 
possibly buy was so satisfactory as the “wheat gum” you could 
make on the spot! You well remember how you used to chew your 
handful of wheat very cautiously at first, lest you inadvertently 
swallow the precious stuff, and how by such cautious chewing you 
soon had a nice “cud of gum” left in your mouth that you could 
properly enjoy. Of course, what you had really done, in this care- 
ful chewing process, was to disengage the starch from the gluten, 
and to swallow the starch more or less unconsciously, while you 
carefully reserved the gluten in your mouth. The precious gluten 
was your “gum.” 

Now let us return to the bow] with its milky-looking liquid 
which has been standing for some hours to settle. If thoroly settled, 
pour off the clear water and let the remaining starch dry. When 
it is thoroly dry, break it up and transfer it to a measuring cup. 
How does the amount of starch you have obtained appear to com- 
pare with the amount of flour originally used? Of course this 
comparison will be more satisfactory if you first powder the dry 
starch. Notice that your starch is the amount you have washed 
out of one-half cup of flour—roughly one-eighth of a pound. If 
you have access to a good microscope you will be interested to com- 
pare the markings on wheat starch with those on potato starch.’ 

Resutts or Some Srarcu AnD GLUTEN Expertments.—F igure 
1 shows the amounts of starch washed out of two different brands 


Figure 1.—Showing amounts of starch washed out of one-fourth pound each of 
two different flours. 


of flour, A and B. Identical weights of these flours—one-fourth 
pound—were taken in each case and nearly identical weights of 


7Goldthwaite, Potatoes from the Housekeeper’s Standpoint, pp. 8-9, Colorado Agrt- 
cultural Experiment Station Bulletin. 
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starch were obtained; about 70 percent by weight of each flour 
appeared by this roughly quantitative method, to be starch. 
Figure 2 shows the wet eluten cakes remaining after the wash- 
ing out of the starches shown in’Figure 1. On stretching while 
wet, gluten A showed a greater toughness and elasticity than 


gluten B. 


Figure 2.—Showing wet gluten cakes remaining after removal of the starches shown 
in Figure 1. 


Figure 3 shows the same gluten cakes after baking. Notice the 
difference in size. Gluten A, which when wet was stronger and 
tougher than gluten B, has baked the larger cake. This difference 
in size is due to the quality of the gluten rather than to the quan- 
tity, which was nearly the same for equal weights of the two dif- 
ferent flours. 


Figure 3.—Showing the results of baking the two wet gluten cakes shown in 
Figure 2. 
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Srrone Frours anp Weak Frours.—Because of its tough, elas- 
tic gluten, flour A is supposed to be an especially good bread flour 
—it is a strong flour; however, flour B with its less tough, less 
elastic gluten—and hence a rather weak flour—also produces excel- 
lent bread when properly handled. 

Wheat sown in the spring and harvested the same season is 
known as spring wheat; while wheat sown in the fall and har- 
vested the following season is known as winter wheat. The gluten 
from spring wheat is usually strong and elastic, while that from 
winter wheat is less strong and less elastic. Hence, spring-wheat 
flour is usually a strong flour, and is generally considered a good 
bread flour; while the flour from winter wheat is usually weak, 
and is considered better fitted for pastries than for bread. How- 
ever, scientific investigation has shown that the gluten contents 
of these spring and winter wheats often grade into each other, 
depending upon the weather conditions when the wheats were grow- 
ing, and also upon the strain of wheat grown. The great milling 
companies keep chemists constantly at work in their efforts to so 
blend their wheats that any given brand of flour will be constant 
in its strength. 

Experienced cooks can tell much concerning the strength or 
weakness of a wheat flour by its feel and color. A strong flour has 
a somewhat granular feel, and when grasped firmly in the dry 
hand and then released, the mass does not keep its shape but falls 
apart, and slips thru the opened fingers rather easily. The weaker 
the flour the softer its feel, and the better it keeps its shape after 
having been grasped tightly, and the less easily it slips thru the 
opened fingers. Strong flours have a creamy tint, while the weaker 
flours vary from a very delicate cream color to white, and even to 
grey—but it is better to beware of a grey flour for any purpose. 


For a good many years now, strong flours have been usually 
preferred for bread, while the weaker flours have been preferred 
for pastries. This was not true in the earher history of this coun- 
try when the wheat grown was universally winter wheat, and no 
doubt our foremothers made excellent bread as well as_ pastries 
from their soft wheat flour—the one kind available. 

It is very interesting that within recent years several labora- 
tories® in this country have proved that excellent yeast breads can 
be made from soft-wheat flours, and the writer thru her own ex- 


8Olson, How to Make Bread from Soft Wheat Flours, (1912), Agricultural Experi- 
ment Station, Pullman, Washington. 

Davis and Cline, How to Make Good Bread from Missouri soft Wheat Flour, 
(1926), Agricultural Experiment Station, Columbia, Missouri. 

Wardall and Fitch, Good Bread from Illinois Soft Wheat Flours, (1927), Agrt- 
cultural Experiment Station, Urbana, Illinois. 
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periments has come to prefer a moderately soft flour for bread- 
making. Olson goes so far as to say 
‘It may be surprising to learn that good bread can be made 
from any brand of flour. The volume or texture of one brand 
of flour does not necessarily have to be the same but if the 
flour is well handled it will nevertheless make a well-piled loaf 
of good texture. Frequently the failure to make good bread 
has been attributed to the flour. The success or failure to 
make good bread lies with the method practiced with the indi- 
vidual.” 

The writer is strongly inclined to agree with this statement, 
because of successes in making very acceptable yeast breads out of 
some very questionable flours—one a very soft grey flour, impos- 
sible apparently for bread-making, and questionable for other pur- 
poses, but from which a light, palatable yeast bread of good tex- 
ture, tho of poor color, was made repeatedly. Success was due 
simply to good yeast, correct temperature, and proper treatment 
of the ingredients. But mind, the writer does not recommend soft 
erey flours for bread-making ! 

Figure 4 shows three breads, each made from a different brand 
of flour. Breads A and B were from two soft-wheat Colorado 
flours, while Bread C was from a well-known hard-wheat flour. 
The flour from which Bread B was made is one of whose bread- 
making qualities some housekeepers have complained. Flavors and 
textures of these three breads were not identical, but each bread 


“4 


Migure +.—Showing breads, each made from a different brand of flour—Breads A 
and B from Colorado sott-wheat flours, Bread C from a well-known hard wheat flour. 
The gluten content of the flour of Bread C is A of Figures 2 and 3, while the 


gluten content of the flour of Bread B is B of the same figures. 


was excellent in itself—sweet, well flavored and of good texture. 
Bread ©, from hard-wheat flour, differed more from Breads A and 
B than these differed from each other. It is of much interest that 
Bread C was made from the hard-wheat flour whose gluten content 
appears in A of Figures 2 and 3, while Bread B was made from 
the soft-wheat flour whose gluten content appears in B of the same 
figures. Evidently, delicious bread does not necessarily depend 
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upon a tough, tenacious gluten! The writer has no hesitation in 
stating her preference for Breads A and B. 


BenHavior oF Some LEAVENING AGENTS 

Before attempting to study yeast, the leavening agent of “light” 
bread, it is well to consider two of the simpler leavening agents 
that the housewife uses. She well knows that she can lighten a 
so-called “quick” dough, such as griddle cakes, muffins, or biscuits, 
by means of sour milk and soda, or by means of a baking powder. 
She knows that the moment she brings sour milk and soda together, 
or the moment that she wets baking powder, a quick effervescence— 
an evolution of gas—occurs, and that this gas imprisoned by flour 

“raises” the dough. If you have never observed this evolution of 
gas outside of dough itself, you will be interested to try the follow- 
ing two simple experiments for yourself : 

Sopa AND Sour Miix.—Into a clean glass* put one-eighth of a 
teaspoonful of soda, pour one-fourth of a cupful of sour milk over 
it, and stir thoroly. Note the effervescence which you can hear as 
well as see. This effervescence is due to the evolution of tiny 
bubbles of gas and their escape at the surface of the liquid. This 
gas is carbon dioxide, the same gas that you are breathing out 
from your lungs thruout hfe. When the effervescence ceases, taste 
the milk; it is no longer sour; it has been neutralized’ by the soda. 
Soda is an alkaline carbonate, and when treated with an acid, as 
sour milk, carbon dioxide is promptly set free. 

Baxinc Powper.—Into a clean glass put one-fourth of a tea- 
spoonful of baking powder, and add one-fourth of a cupful of cold 
water and stir thoroly. Since water is transparent, you will more 
easily see the bubbles of gas that are formed in this experiment 
than in the preceding one. As you will readily surmise, this gas, 
so promptly set free, is also carbon dioxide. Baking powders are 
dry mixtures of soda and some acidic compound. Ww hen water is 
added both dissolve and mutually neutralize each other, and in so 
doing carbon dioxide is promptly set free from the soda. 

A moment’s reflection now will tell you that had flour been 
present also in each glass, then, on addition of sour milk to the 
contents of the first glass, and water to the contents of the second, 
the flour in each case would have caught the gas as soon as it 
was formed: by means of its sticky gluten it would have impris- 
oned the carbon dioxide, and a hghtened dough would have been 
produced. 

If you are interested to try to catch the gas, just repeat these 
two experiments with the modification that you put one-eighth of 


*Use tumblers or jelly-glasses for these experiments. 
*Goldthwaite, Potatoes from the Housekeeper’s Standpoint, Part ILI, Colorado Agri- 
cultural College. 
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a cupful of flour into each glass, and stir, before as well as after, 
adding the liquid. Notice the texture of each dough so produced. 
How does it differ from a dough made by merely stirring flour and 
water together? If you are not quite sure about this point, just 
stir a little flour and water together to make a dough for com- 
parison, 

Srupy oF YEAST 


Having learned the important practical fact concerning two 
of our common leavening agents, that by proper treatment they 
pach promptly produce ¢ carbon dioxide which we utilize in “quick” 
doughs, let us turn our attention to yeast, the leavening agent 
“whereby bread is rendered light, porous, spongy.’"° Yeast does 
not do this promptly; its action is slow. True, yeast produces car- 
bon dioxide, but it does this from its feod while living and while 
growing—for yeast is a living thing: it is not inanimate like the 
two common leay ening agents just considered, 

As already indicated, the use of yeast, wild at least, has been 
known for ages—probably for many centuries before the leavening 
power of sour milk and saleratus (a substance akin to soda, pro- 
duced from wood-ashes, soda is a later thing), was discovered, 
The use of baking powder appeared about the middle of the nine- 
teenth century. But in spite of the antiquity of the use of yeast, 
any real understanding of what it is and the way in which it raises 
dough, are matters of comparatively recent years; they are some 
of the far-re aching results of the marvelous Seronitile researches of 
the great French chemist- bacteriologist, Pasteur, (1822-1895). 

THe Yeast Pranr.—aAs a result of Pasteur’s researches and 
the researches of many other scientists, it is now known that yeast 
consists of myriads of tiny plants—plants very different from those 
which we know best. In form, a single yeast plant is merely a tiny 
round cell, about .003 of an inch in diameter. In color as you would 
readily guess, it is white or translucent—something like that spec- 
tral plant of the summer and autunm woods, Indian pipe. 

Tue Growrn or Yrasr.—Yeast. grows by merely multiplying 
its cells; this it does by a process of budding, which can be watched 
under a high-powered microscope. From the side of a yeast cell is 
seen slowly appearing a tiny bud, or baby cell, which gradually 
reaches the size of the original or parent cell. Then from the side 
of the new cell in turn appears another bud, and so on continuously 
if conditions are kept right for growth. These parent and bud 
cells remain united for a longer or shorter time, depending upon 
conditions, thus forming a more or less branched chain-like mass 


Century Dictionary. 
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of cells. For this growth process, yeast, like other plants, needs 
moisture, food, air and warmth; but unlike most other plants it 
does not need light. 

Tue Foop or Yrast.—lor food the yeast plant needs (1) sugar 
and (2) the substances necessary to form new cells: Nitrogenous 
compounds and certain mineral compounds—especially, soluble 
ones of potassium, calcium, magnesium and phosphorus. Yeast 
finds all these necessary foods in wheat flour; hence, its ready 
growth therein. Potato or the water in which potatoes have been 
boiled, is rich in some of these compounds, hence the reason why 
potato is sometimes used in bread-making. 

Among the sugars so essential to the life-process of yeast, are 
certain so-called simple sugars, especially glucose. Such sugars, 
yeast proceeds at once to use, and in so doing breaks them down 
into various other compounds, but finally into. alcohol and carbon 
dioxide which it excretes. As you alre ady know, it is this carbon 
dioxide made on the spot by yeast and caught within the sticky 
gluten of the dough, that “raises” our bread. Jago"! says 

“The splitting of sugar into alcohol, carbon dioxide ..... and 
other bodies is more or less a respiratory action. That is, its 
object is the procuring of oxygen, which is required by the 
yeast plant. It is this capacity of thus decomposing sugar for 


respiratory or breathing purposes which distinguishes yeast and 
makes it useful in breadmaking.” 


It should be explained that ordinary sugar is so complicated 
in the structure of its molecule, that the yeast plant can use this 
sugar only indirectly for food—not until it has been broken down 
into the two simpler sugars, glucose and levulose; this is readily 
accomplished by means of a certain substance, invertase (an en- 
zyme) ,* that accompanies yeast. 

Before attacking any sugar for its oxygen, yeast always uses 
any free oxygen to which it has access, such as the oxygen of the 
air which has been incorporated into the dough during the knead- 
ing process ; hence, a reason for folding dough over , thus impris- 
oning air while kneading bread. When the yeast plant becomes 
surrounded by its own respiration products—alcohol and carbon 
dioxide—it becomes stifled, unable to continue its growing process 
until the excess of these products is in some way removed, Hence 
a logical reason for the frequent kneading of dough, since by this 
process such excess is allowed to escape and fresh air is again 
incorporated into the dough; it is unnecessary to explain that 
alcohol evaporates very readily when exposed to the air, and the 
gas carbon dioxide only needs the opportunity to make its escape 
also. 

ujJago, Introduction to Breadmaking, p. 71. 


*The word enzyme comes from the Greek words en, meaning in, and zyme, mean- 
ing leaven. 
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The necessity of nitrogenous compounds as food for the growth 
of the yeast plant should be emphasized, Since nearly 63 percent 
of the yeast cell is composed of nitrogenous matter, its necessity 
for the healthy growth of new cells is obvious. Such nitrogenous 
compounds as the yeast plant can use, occur 1n the moist wheat 
dough and are eagerly used by the growing yeast cells. 

FermMentation.—All these yeast-growth processes taken to- 
gether are known as fermentation, The whole bread-rising process 
is really a fermentation process. Chemically, it is not unlike the 
fermentation that occurs in one of your choice cans of fruit that 
“works.” Some way, in putting up that fruit you were not quite 
‘areful enough in the sterilization process, and so a bit of “wild” 
yeast from the cells or the spores, floating around in the air, got 
imprisoned in that particular can; therein, it found desirable food 
and, if the temperature was right, proceeded to grow. You became 
aware of its presence when fermentation had proceeded far enough 
to produce sufficient carbon dioxide to be seen as tiny bubbles, or 
to otherwise make its presence known. Such wild yeast is descended 
from the wild yeast caught in the wet dough “cakes” of humanity’s 
long past, and thru which humanity finally learned to make fer- 
mented or leavened bread. 

Tue Temperature DesiraB_e For YEAst GrowrH.—As already 
indicated yeast, ike other plants, needs not only moisture, food and 
air, but also warmth for its life processes. The careful experiments 
of scientists show that it thrives best between 77 degrees and 95 
degrees Fahrenheit. The optimum temperature for bread-making 
is 84 to 86 degrees Fahrenheit—the temperature of a rather warm 
summer day. With decreasing temperature yeast grows less and 
less rapidly, until at 50 degrees its growth ceases and recommences 
only when the temperature is again raised. At temperatures above 
95 degrees the growth of yeast is weakened until at 140 degrees, if 
moist, the plant is killed. These facts show clearly why yeast itself 
should be kept in a cold place, why bread-dough needs a moderately 
warm place for rising and why it should never be allowed to become 
chilled. Neither should bread-dough be allowed to become too 
warm during the rising process; bacteria, if present, are favored by 
the higher temperatures and may cause sour bread. ; 

Commercian Yrasts.—At the present time yeast is found in 
market in two forms: Compressed yeast and dry yeast. Both forms 
have advantages and disadvantages. Compressed yeast consists of 
a mass of the microscopic plants, mixed with some form of starchy 
material, pressed into a compact cake, and protected from the air 
by tinfoil. Such yeast, being moist needs to be kept well chilled 
that the plants may remain quiescent. If so kept, it will remain 
in good condition several days or even a week. Otherwise it should 
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be purchased as needed. Compressed yeast should be slightly 
creamy-white in color, and should break or crumble rather sharply. 
If much discolored, or much softened, or mouldy, it should not be 
used. When crumbled into a quid of proper temperature, and 
proper food materials for yeast growth are added, compressed yeast 
begins to grow very promptly, and therein hes its great advantage 
for the bread-maker. 

Dry yeast consists of a mass of yeast plants well dried in a 
batter consisting largely of cornmeal. Such yeast, in a very dry 
cool place will keep a long time. Dry yeast is slow in beginning 
action, since it must be thoroly soaked up before the tiny plants 
are in condition to begin growth. However, dry yeast is cheaper 
than compressed yeast, and since it keeps so well, many women find 
it especially advantageous, particularly those who live far from 
market. 

Some Yrasr Experiments.—After this discussion of what 
yeast is, its necessary food, and its conditions of life and growth, 
it is easy to foresee that many a wide-awake housekeeper will be 
interested to try some simple yeast experiments in her own kitchen 
—some experiments that will help her to understand better the con- 
ditions for growth of that infinitesimal but very important little 
white plant. For this purpose, sterilize six glasses with boiling 
water, fill each one-fourth full of water, and when cooled till luke- 
warm, crumble into each glass one-eighth of a cake of compressed 
yeast, then proceed with each glass as follows: 

1.—To the first add one teaspoonful of sugar; shake gently till 
dissolved. 

2.—To the second add one teaspoonful of glucose and shake like- 
wise. 

3.—To the third add one tablespoonful of flour; stir till smooth. 

4.—To the fourth add a tablespoonful of cooked potato, freshly 
mashed; stir. 

5.—To the fifth add a teaspoonful of salt; shake gently till 
dissolved. | 

6.—Leave the sixth glass containing water and yeast only. 

Now place all these glasses on a tray or small board, cover 
over, and set in a moderately warm place (84 to 86 degrees Fahren- 
heit) for some hours. Inspect each glass every half-hour or so and 
notice in which ones effervescence occurs. ‘This will soon be quite 
evident in the sugar, glucose and flour glasses. If it is slow in 
appearing in the potato glass, start the action by adding a very 
little sugar. Notice that no evolution of gas appears in the fifth 
and sixth glasses; none appears in the fifth because common salt 
(sodium chloride) contains no element that yeast can use for food; 
none in the sixth because it contains no food for the yeast. Effer- 
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vescence occurs in the first four glasses because each contains yeast 
foods. racks : 

It is a very interesting scientific fact that not only is common 
salt not a yeast food, but it actually inhibits yeast growth even 1 
the presence of desirable food. To observe this inhibiting segue 
of salt, add to the sugar glass in which yeast is growing vigorously, 
a teaspoonful of salt and shake gently till it is entirely dissolved ; 
then watch the slowing down of the fermentation; you will be 
interested. 

Errecrs or TEMPERATURE CHANGES ON YEAST GrowrTH.—In 
these experiments you can also observe the effects of changes of 
temperature on yeast growth—a very important consideration in 
bread-making. For this purpose, chill down your glucose and flour 
glasses by setting them on ice, or snow if available, or in cold run- 
ning water; gently shake the contents of each glass occasionally 
until thoroly chilled, noting as you do so the slowing down of the 
effervescence till it practically ceases. When that point is reached, 
arrange to let these glasses warm up gradually, gently shaking as 
before. As the contents warm up fermentation begins and grad- 
ually increases till at 84 to 86 degrees Fahrenheit, a vigorous fer- 
mentation is again going on. Continue warming up; finally fer- 
mentation ceases altogether; the yeast plant is now dead. 

Some Conciusions From Yeast ExpertMENTs.—Obviously, 
from these simple experiments with yeast, the wide-awake house- 
keeper will draw a number of conclusions concerning the life and 
growth of that little plant, and consequently concerning the mak- 
ing of bread. She has verified for herself certain important facts: 

1.—The yeast plant thrives on wheat flour, sugar, glucose and 
potato, 

2.—Salt inhibits the growth of the yeast plant. 

3.—Cold inhibits the growth of the yeast plant. 

4—Warmth up to a certain point favors the growth of the 
yeast plant, 

5.—Too high a temperature kills the yeast plant. 

Many housekeepers will be interested to do these experiments 
with dry yeast. This is done by merely substituting dry yeast for 
compressed, Fermentation will occur just the same, only a much 
longer time is necessary for it to begin. 

Errecrs or Non-Essentian Ingreprents on Breaps 

Parlier in this bulletin it was pointed out that three funda- 
mental ingredients—water, flour, and veast—are essential in mak- 
ing “hght” breads, but that the other three ingredients commonly 
Coe —salt, sugar, and fat—are non-essential to the main problem. 
Good-tasting bread, but of rather coarse texture, and somewhat 
tough, can be made from the essentials only; however, each one of 
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the non-essentials modifies flavor, or texture, or both, and if not 
used in excess, does improve the quality of the final product. 

In the simple experiments with yeast just completed, we have 
drawn some important conclusions concerning the behavior of that 
tiny plant with wheat flour, and with two of these non-essentials. 
Let us see how these conclusions apply to the problems of bread- 
making. 

Errecr or Sarr on Breap-maxkrne.—Of these non-essential 
bread ingredients, salt is the one we should be most reluctant to 
discard, regardless of its retarding effect on yeast growth. Bread 
made without salt tastes insipid to most persons, tho for one who 
has learned to like the taste of wheat for itself alone, such bread 
is pleasing. In any case the proportion of salt in bread, as in other 
foods, should be just enough to “bring out” its natural flavor, not 
to “cover it up” as an excess of salt does with any food, 


Figure 5.—Breads showing effect of varying proportions of salt on neces- 
sary rising periods: 


Breads Salt Virst rising Second rising Total rising 
A i) > rs. i br; “80: min. 4 hrs. 380 min. 
B 1 tsp. 3 hrs. 80 min. 2 hrs. 10 min. 5 hrs. 40 min. 


Cc 2 tsp. 4 hrs. 2 hrs. 30 min. 6 hrs. 80 min, 
D 3 tsp. 5 hrs, 80 min. 3 hrs. 45 min. 9 hrs. 15 min. 
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Figure 5 shows four very interesting breads identically made 
from the three essential bread ingredients but containing varying 
proportions of salt: Bread A ae no salt (for comparison), Bread 
B with one teaspoonful (4 grams) of salt, Bread C with two tea- 
spoonfuls of salt (8 grams), and Bread D w ith three teaspoonfuls 
(12 grams). The effect on the periods necessary for the different 
risings was most interesting. Tabulated, these periods were as 


follows: 
Ristne Pertops 


First Second Total 
Bread A 1 hr. 30 min. 4 hrs. 30 min. 
Bread B_. 30 min. 2 hrs. 10 min. i brs, 40 min. 
Bread C.. 2 hrs. 30 min. 6 hrs. 30 min. 
Bread D 30 min. 3 hrs. 45 min. 9 hrs. 15 min. 


Ex ee of £ this tabulation shows that with an increasing 
proportion of salt, both the first and second rising periods of each 
bread were very definitely increased. The last column is simply 
the sum of the first and second periods, or the total rising period. 
Note that this total period for Bread D, with three teaspoonfuls 
of salt, is more than double that of Bread A with no salt; and that 
the total period of Bread B and of Bread C le between those of 
Breads A and D. 

Caleulated in percentages, the total rising period of Bread B 
was 26 percent greater than that of Bread A; Bread C 44 percent 
greater, and Bread D more than 100 percent greater. These re- 
tarding effects on the growth of the yeast plant show why bakers 
consider that salt has a “steadying” effect on yeast fermentation. 

In flavor, Bread B was the preferred one of the four. In tex- 
ture, Bread A with no salt was rather coarse and tough; the others 
were finer in texture and did not vary much among themselves, 


but it should be noted that each bread had been allowed to rise till 
fermentation was complete. 


eee T OF SuGAR ON Breap-MAKING.—Sugar, altho a non-essen- 
tial in bread-making, is a very desirable accessory. As we have 
poeneen im our simple yeast experiments, it is one of the yeast 
foods. It aids yeast life, thereby reduci ‘ing somewhat the time nec- 
essary for fermentation. If bread is allowed to rise to the limit, 
sugar may modify both volume and texture, increasing the volume 
and thereby coarsening the texture. Sugar in correct proportion 
emphasizes the delicious wheat flavor, and because of the ease with 
which it scorches it helps to brown the crust, thus imparting to the 
loaf a pleasing, appetizing color. 

Figure 6 shows three breads identically made from the three 
essential bread ingredients, each without salt, but with varying 
proportions of sugar—one tablespoon ful, two tablespoonfuls, and 
three tablespoonfuls respectively. The rising periods of these three 
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breads were limited to the periods necessary for Bread C to attain 
the proper lightness, with the results that Bread C, the one con- 
taining the greatest amount of sugar, was of slightly larger vol- 
ume, tho not sufficiently so to modify its texture appreciably. Ap- 
parently Breads A and B, as well as Bread C, each contained suffi- 
cient sugar for their yeast plants; in all three breads any sugar not 
utilized by the yeast must have helped to flavor the bread. In 
sugar flavor, either Bread A or Bread B was deemed pleasing, but 
Bread C tasted artificially sweet. In bread, sugar, so far as taste 


Figure 6. 


Showing three breads identically made of the three essential bread ingre- 
dients, each without salt, but containing one, two and three 
tablespoonfuls of sugar respectively. 


is concerned, should serve merely to “bring out” the natural wheat 
flavor. The presence of sugar in these breads hastened their fer- 
mentation to the extent that they required 15 minutes less time for 
their total rising processes than did Bread A of Figure 5 which 
contained no sugar. 

Errect or Far 1x Breaps.—Fat, especially good butter because 
of its delicate flavor, is a desirable accessory in breads. Clean, 
sweet oleomargarine may well be substituted for butter, however. 
Other clean, sweet fats may also be substituted, but care must be 
exercised in their use lest they impart an undesirable flavor to 
bread. Good butter, or good oleomargarine, seems to help to “bring 
out” the natural sweet, nutty flavor of wheat, while other fats tend 
to impart simply their own flavors to the detriment of the wheat 
flavor. 

It is well known that flour, fat and water are the essentials of 
pastry, and that to avoid toughness in pastries the amount of fat 
used must be liberal in proportion to the amount of water. Fat, 
then, in pastries renders tender the otherwise tough, flour-and- 
water crust. So in bread, the effect of fat is to help to make the 
bread more tender, and hence, to make finer its texture. Breads 
in which fat has been used, dry out less quickly than those made 
without fat; hence, fat improves the keeping quality of bread. 
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Also, fat in bread helps toward forming a brown crust—this is be- 
cause of the readiness with which fat burns. One tablespoonful of 
fat to a loaf of bread is the maximum to use; but with other fats 
than butter or oleomargarine, this amount should be lessened. 


PART Ill. BREAD TECHNIQUE 
Ipean Breap 


The ideal loaf of wheat bread is symmetrical in shape, not 
lop-sided, nor cracked; it is longer than wide, just wide and just 
high enough to cut into regularly shaped, attractive slices. Each of 
its six sides is protected by a tender, crisp, golden brown crust—no 
side is merely a broken surface. When cut it shows that it has been 
so well baked that this crust is of a pretty even thickness thruout, 
and that in its crumb no trace of doughiness exists. This crumb, in 
color is creamy white—not dead white nor grey! In texture the 
ideal “light” bread is neither leathery nor crumbly; it is silky, 
satiny, full of fine holes or air cells, whose walls glisten when the 
light falls slantingly on a cut surface; it is elastic, so elastic that the 
cut loaf may be squeezed tightly in the hands and yet when re- 
leased, regain its normal size and shape with its cell walls scarcely 
broken only its crisp crust. When shced, such bread is not crumbly ; 
a slice may be stripped, torn, into shreds, rather than merely 
crumbled into crumbs; and withal it is tender, it “eats well.” No 
hint of sourness either by odor or taste is detected in this ideal 
bread—for bread may be light and of tolerably good texture, and 
yet be sour! Its odor is pleasing, fragrant, inviting; its taste is 
“nutty,” sweet, satisfying; in short, both in odor and taste the ideal 
bread shows that its constituents were of good quality and well pro- 
portioned; its dough was well kneaded, well matured, well risen, 
well baked; and the bread thereafter well treated. 

To make ideal bread is quite possible for any woman. But she 
must know what good bread is, and she must keep that standard of 
excellence in mind. She must understand the principles of bread- 
making—not be a mere follower of recipes; these are very valuable 
as guides, but back of them are the scientific principles involved, 
and which the good cook respects even if she does not recognize 
them as such. She must realize that bread-making demands con- 
tinual alertness on her part. It is not a job that she can be “miles 
away” from, and succeed at. Most jobs worth doing, are not! Nor 
is It a job “so simple a child can do it.” It demands intelligence, 
thought, attention to details; for yeast fermentation neither hastens 
nor slackens just to suit the convenience of the bread-maker; it is 
she who controls that by controlling conditions. 

Care that everything used in bread-making is scrupulously 
clean; that the flour used is of good quality; that the yeast used 
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is fresh and active; that the fat used is desirable; that the mixing 
and kneading manipulations are carefully, quickly, deftly, thoroly 
done, and withal that the dough is left slack; that its risings are 
just sufficient to mature, to “ripen,” the dough; that the dough is 
constantly kept at a proper temperature thruout the mixing, knead- 
ing and rising periods; that the oven is well managed. Such are the 
points in bread-making that need emphasis. 


Some Urrensints AND AccEssortIEs USEFUL IN BREAD-MAKING 


Breab-BowL witH Cover.—Use an earthenware bowl. If pos- 
sible get one of sufficient size in which to mix and “raise” the de- 
sired number of loaves. A four-quart one does nicely for two loaves. 
Bread dough can more easily be kept at constant temperature in 
earthenware which retains its heat, than in enamelled or metal 
ware, which lose heat easily. For the same reason an earthenware 
cover is better than a metal one; if one that fits the bowl cannot be 
secured, a large earthenware pie-plate may be used. If a sufficiently 
large bow] cannot be obtained, an earthenware crock supplied with 
its own earthenware cover is a good substitute. Or, a bread-mixer 
may be substituted for either bowl or crock. But before relying 
upon a bread-mixer, it is better to have sufficient hand practice in 
kneading, to become acquainted with the proper “feel” of the dough. 
When this has been accomplished, a bread-mixer of the proper size 
for the number of loaves to be made, may help materially to hghten 
the labor of bread-making. 

Measurinea Cup.—A glass measuring cup, one-half pint size, 
with vertical sides and level top (see Figure 1) is preferable to 
other sizes, materials and shapes. If the cup is of glass, and gradu- 
ated in fractions, any needed fraction of a cupful of material is 
easily measured off; but much less easily if the cup is of opaque 
material. If the cup has a hpped top, a cupful of dry material can- 
not be measured accurately because the material cannot be levelled 
off, but if it has a level top the opposite holds true. 

Quart Mrasure.—When a large number of loaves of bread are 
to be made, the necessary amount of flour is more quickly measured 
out by sifting it into a quart measure (4 cupfuls) than into a half- 
pint measuring cup. For this purpose, choose one with a level top. 
For measuring out liquids, the lipped top is handy but is not 
necessary. 

Spatuta.—A limber spatula of good-quality steel, about 10 
inches long, is superior to a stiff steel knife for many purposes. It 
is especially valuable for scraping the curved inner surfaces of 
bowls. 

Spoons.—A tablespoon of standard size, one-sixteenth of a 
cupful, should be used for tablespoonful measurements, Sixteen 
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tablespoonfuls make one cupful. Tablespoonful measurements 
should always be level, that is, they should be leveled off with the 
edge of a spatula or knife. If a tablespoon of larger size than the 
standard is used for such measurements in standard recipes, an 
error is made. 

Likewise, the teaspoon used for teaspoonful measurements, 
should be of standard size, one-third of a tablespoonful. Three tea- 
spoonfuls make one tablespoonful. ‘Teaspoonful measurements also, 
should always be level—leveled off with the edge of a knife or 
spatula, 

A wooden spoon is more satisfactory for beating the batter, 
and stirring the dough than is a metal spoon. Such a wooden spoon 
should be strong, smooth and shallow, with a handle short enough 
for the spoon to fit slantingly within the bread-bow] or the bread- 
crock. If necessary, cut the handle off to the required length. A 
smooth, strong, narrow, wooden paddle or stirring stick, which may 
easily be made at home, may be substituted for a wooden spoon. 

Fiour Sirrer.—A strong flour sifter that holds about a quart 
and turns with a erank, is desirable. Sometimes the sieve in such 
a sifter gets shehtly out of place; it is easily re-adjusted by push- 
ing it evenly upwards till it comes into proper contact with the 
coiled arms within the sifter. 


Kwneaping Boarp.—This should be strong, smooth, unblem- 
ished and without cracks. Its ends should be so secured, each with a 
wooden cross-piece, that it cannot warp. When it is to be used for 
bread-kneading it should be warmed for use—not superficially so, 
but thoroly. A cold kneading board is ideal for chilling bread 
dough! 

Breap-BakInGc Pans.—The writer has found tin baking pans of 
the following dimensions the most satisfactory for bread: Length, 
at bottom 814 inches, at top 10 inches; width, at bottom 3 inches, at 
top 4% inches; depth (vertical) 4 inches. It should be noted, that 
tho the length and breadth of these pans are substantially those of 
the bread-baking pans usually found in market, their depth is one 
full inch more. This depth, 4 inches, is especially recommended be- 
cause of the support thus afforded a slack bread dough while bak- 
ing. Of course, it is necessary to explain that to reap the advantage 
of the 4-inch-deep pan, no more dough should be put into the loaf 
than would be put into a loaf to be baked in a 3-inch-deep pan. 
Frequently, bread baked in the shallower pan develops a horizontal 
erack, which surrounds the loaf more or less completely at the upper 
edge of the pan—an ideal place, subsequently, for mould. This 
crack occurs especially, when, just before baking, the loaf has been 
allowed “to rise to the top of the pan” according to some directions 
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for bread-making. It goes without saying that bread baked in the 
deeper, or 4-inch pans, is not supposed to rise to that height—only 
to the height necessary to ensure good bread. This height will be 
considered further on. 

Bread-baking pans, 4 inches deep, were not to be found in 
market. Those used by the writer were made to order. Made of 
good-quality tin, and properly cared for, such pans should last many 
years. Should housekeepers begin generally to demand such deeper 
tins for bread-baking, they would soon appear in market, be sure 
of that—manutacturers always “keep an ear to the ground.” 


Figure 7.—Showing two well-shaped loaves of bread. 


Figure 7 shows two well-shaped loaves of bread, while Figure 
8 shows three lop-sided ones. These two sets of breads were iden- 
tically made regarding constituents, careful manipulation and exact 
temperature conditions; they differed only in the depth of baking 


Figure 8.—Showing three badly shaped loaves of bread. 


pan used, and in the last rising. The breads of Figure 7 had risen 
sufficiently when put into the oven, and they were baked in bread 
pans of sufficient height (4 inches) to support the slack dough on 
its further rising in the oven, The breads of Figure 8 had risen 
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insufficiently when put into the oven, and also they were baked in 
bread pans too shallow (3 inches) to support a slack dough on its 
further rising in the oven. 

THermMomnters.—I wo thermometers, at least, are needed; one 
for the oven and one for the bread dough. If the oven does not 
already have its own thermometer, an upright standing one to set 
within the oven, should be provided. Such an oven thermometer 
‘an now be purchased for $2.00. To be sure, there are various de- 
vices explained in most cookbooks, for determining oven tempera- 
tures by the time necessary to scorch flour or bits of paper placed 
in the oven, and some housekeepers find these devices satisfactory. 
However, a good oven thermometer is exact, and the bread-maker 
who relies on one will control her oven more accurately. 

Another thermometer more important if possible, for the in- 
experienced bread-maker at least, is a naked-bulb one for testing 
liquid and dough temperatures. The writer has failed to find in 
market such a naked-bulb thermometer planned for cooking pur- 
poses, but she has found a short-stem dairy thermometer, which, of 
course, has its bulb naked, to be a very good substitute. It was pur- 
chased for 40 cents. 

It is wise always to have the kitchen provided with its own 
thermometer; preferably a hanging thermometer of the protected- 
bulb type. Lacking this, the dairy thermometer can be used in its 
stead. Only, if so used, it must be remembered that a dairy ther- 
mometer is very delicate, and hence must hang in a spot where it 
cannot be easily broken. Always wash and rinse it before testing 
bread dough with it. 

Breap-CLorus anp Breap-Paps.—To help to keep bread dough 
at the proper temperature while fermenting, it is well to have one 
or more cloths and pads made for, and kept for, that purpose only. 
Each bread-cloth should be made of white outing flannel or of 
white Canton flannel; two yards is a good length. Each bread-pad 
should be made of cotton batting covered with white muslin, tied, 
or quilted loosely together; two yards square is a good size. Each 
pad should be provided with two detachable white muslin cases, so 
that as one case is removed for laundering, it may be replaced at 
once by a clean one. These bread-cloths and pad cases should be 
laundered often. Wash and boil in good soapsuds, rinse and dry 
thoroly, fold without ironing, keep in a clean place, and use them 
only for the purpose for which they were designed. It is unnecessary 
to add that the pads themselves may be easily laundered when 
necessary. 

Breav-Capiner.—A cabinet in which dough may be placed for 
the various rising processes aids materially in keeping it at the de- 
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sired even temperature. This is especially true if the kitchen is not 
overheated, or is exposed to drafts. A cold draft on a bread-dough 
chills it quickly, and a chill interferes at once with yeast fermenta- 
tion. In leu of a cabinet, which might be made of a small box, a 
corner may be preserved on a cupboard shelf for that particular 
purpose, and serve very well. When needed for use, warm the 
bread-pads and one of the bread-cloths, line the cabinet or cupboard 
shelf with one of the pads, wrap the bowl containing the dough in 
one of the cloths folded to a convenient size, place it on the pad and 
cover it with the other pad. 


Breap-Rack.—A wire rack, with legs three inches high, is a 
very desirable support for bread while cooling after being taken 
from the oven. The old method of w rapping ‘the hot irae in a 
clean cloth and letting them remain there till cold, should be obso- 
lete. The better way is to let the bread cool in the air on a wire 
rack, protected, if necessary, from flies or dust by one layer of a 
thin white muslin cloth kept for the purpose. By allowing the 
bread to cool in the air, its flavor is better and it is less likely to 
become musty later on. 


Breap-Box.—A large tin bread-box, not air tight, but punc- 
tured with one or more groups of tiny holes for ventilation, sup- 
pled with a tight-fitting cover—a box that can be washed and 
scalded frequently, and so kept rigorously clean—is the best re- 
ceptacle in which to keep bread. Always keep the box with its con- 
tents in a dry place, and, if possible, cool. 


CLEANLINESS 


In order to make good bread, it is absolutely necessary that all 
utensils and accessories to be used in the process, be scrupulously 
clean. Hence it is best when about to make bread, to scald afresh 
with boiling water all utensils to be used in the process. The reason 
for this cleanliness is to avoid, as far as possible, the entrance into 
the dough of any bacteria that may cause it to sour, or any that 
may even survive the baking process and cause “ropy” bread there- 
after. 

Mernops ror Making Breap 


There are two general methods for making bread: (1) The 
straight-dough or short-process method, and (2) the sponge or 
long-process method. The first method may be carried out in from 
4 to 6 hours, while the second requires from 20 to 24 hours. This 
difference in time depends essentially upon 3 factors: 

1.—The proportions of yeast used, this being more in short- 
process bread than in long-process bread. 


TH ex Q 
98 CoLorapo EXPERIMENT STATION Bul. 344 


9.—The thickness of the medium in which the yeast is allowed 
to grow, this being a stiff dough from the beginning in short-process 
bread: but, at first, only a batter or “sponge” in long-process bread. 

3.—The temperature at which the yeast growth or fermenta- 
tion is allowed to proceed, this being higher in short-process bread 
than in long-process bread. 

The straight-dough or short-process method is the one com- 
monly employed at the present time by bread-makers who are able 
to procure compressed yeast often enough to meet their needs. The 
sponge or long-process method is the method commonly used with 
dry yeast, and hence is the one found most satisfactory and con- 
venient for many housekeepers. It is the method used by our fore- 
mothers when yeast was home prepared and dependent for its keep- 
ing qualities not only on a cool storage place, but also, in its prepa- 
ration, on a rather liberal use of hops to prevent later putrefactive 
fermentation. Then, to avoid the taste of hops in the bread, a com- 
paratively small amount of veast was added to a rather thin batter 
or “sponge” within which the yeast plants might multiply till this 
sponge was sufficiently “light” to give promise of good bread. 

Combinations of these two general methods of making bread 
are often used: One, leading to a sponge, straight-dough bread; 
another, leading to a straight-dough, long-process bread. It is 
hardly necessary to add that such combinations depend upon the 
proportions of yeast used and upon the stiffness and temperature of 
the medium in which it is allowed to grow or ferment. 


STANDARD PROPORTIONS OF INGREDIENTS FOR Breapd 


In order to make clear the two general methods of making 
bread, it is well to apply them to some standard recipe, for bread. 
As is well known, bread recipes given by different authorities vary 
much, especially in the proportions of the non-essential ingredients. 
Like others'*, the writer has found the following proportions of in- 
gredients a good standard recipe for one loaf of bread: 

Water, 1 measuring cupful; 

Sugar, 1 tablespoonful, level: 

Butter, 1 tablespoonful, level; 

Salt, 1 teaspoonful, level: 

Yeast, amount and kind depends upon method to be used; for 
straight dough, short process, one-fourth cake of compressed 
yeast ; 

Flour, sifted, three measuring cupfuls—less if possible, more if 
necessary ; 


?For example, Hunt and Wessling, Bread and Bread Making in the Home, Far- 
mer’s Bulletin 807, U. S. Dept. of Agriculture. 
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Temperature, depends on method to be used; for straight dough 
short process, 85°-86°, not higher, 


Obviously, these amounts for one loaf of bread are easily 
doubled, tripled, quadrupled, etc., according to the desired number 
of loaves. 

It should be noted that the primary unit of this recipe for one 
loaf of bread is the one cup of water, that being the measure of 
water, or “wetting,” allowed for one loaf of “Tioht” bread when 
baked in a bread pan of the dimensions already “described in this 
bulletin. It should be explained that this “wetting” need not neces- 
sarily be water; that it may be half water and half milk, or all 
milk. The milk used may be sweet whole milk, or sweet skimmilk. 
If of whole milk the proportion of butter should be lessened. Any 
milk to be used in making bread, must first be scalded and used as 
soon as luke warm; if this precaution is not taken, the milk is very 
likely to sour during the fermentation period. In this bulletin it is 
assumed that water is the “wetting” used. 

The amount of flour which one cupful of water will take up, 
depends upon the flour, and also upon the manipulator, fortunately 
or unfortunately. The texture of the bread is best when the dough 
therefor is well kneaded, but vet is left as slack as it can be handled. 
For this condition, the proportion of sifted flour to a cupful of 
water is not far from three level cupfuls, and it may be shghtly less 
if the manipulator is very skillful. Bread-makers often err in 
making bread-dough too stiff—one of the ways to produce a crumbly 
bread. 

Frour MrasureMENTS 


The flour to be used in bread-making should always be freshly 
sifted, then measured, never merely dipped by cupfuls from its con- 
tainer and emptied into the bread bowl as wanted; that is a per- 
fectly good way to add too much flour, Sift and measure the re- 
quired amount of flour by one of the two following methods: 

1.—Place the measuring cup in a clean, dry basin or pan; sift 
flour directly into the cup till it is heaped up; then tap it gently 
three times with the spatula, level it off by pushing off the excess 
of flour with the spatula blade so held that its edge scrapes the 
cup’s rim. Transfer this measured cupful of flour to another basin 
large enough to hold all the required amount of flour. Continue in 
this manner to sift and measure off cupfuls of flour till a sufficient 
number have been prepared, Experiment shows that when flour is 
sifted and measured in this way, the various cupfuls are of prac- 
tically identical weight. Hence, the method in skillful hands, is al- 
most as good as actually weighing out the flour, No woman needs 
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the suggestion that if a large number of loaves of bread are to be 
made. it mav be worth while to substitute for the measuring cup a 
quart measure, whereby four cupfuls of flour may be measured out 
at one time. . . . 

9,—Sift a larger quantity of flour than will be needed into a 
large, clean, dry basin or pan. With a tablespoon pile lightly enough 
of this sifted flour into the measuring cup to fill it heaping full. 
Tap the cup gently three times with the spatula, and proceed as in 
the preceding directions. Experiment shows that this method is a 
little less accurate by weight than the preceding one. 


Srrarcur-DoucH or SHorr-Process Bread 


Let us now apply our one-loaf bread recipe to a sufficient 
amount of straight dough for a two-loaf baking. It is rarely 
economy to make only one loaf of bread at a time, and it is usually 
wiser to make more than two. However, consideration of a two-loaf 
baking will do for our present purpose. 

For two loaves of bread, prepare six cupfuls of sifted flour, 
measuring it out by one of the two methods described. It is some- 
times well in bread-making to prepare an extra cupful, to hold in 
reserve for possible need; experience will tell whether or not that 
is necessary. Put the sifted measured flour where it will get warmed 
thru, if it is not so already. If flour is kept in a very cool place, the 
required amount should be prepared some hours ahead of the time 
it is to be used, that it may be getting thoroly warm. Test its tem- 
perature by inserting the bulb of the dairy thermometer within the 
mass of flour and letting it remain there some minutes. For the 
straight-dough method the temperature of the flour should be at 
least 80 degrees, but not above 85 degrees F. 

Heat a sufficient amount of water to scald the necessary utensils. 
Let the cover plate, anyway, remain in the hot water till needed. 
Empty the bread-bowl of water, shaking it out, wiping the outside 
only. ‘Transfer to the bread-bowl two level tablespoonfuls each of 
sugar and of butter, and two teaspoonfuls of salt. Add a cupful 
of boiling water. When the butter is melted, add a cupful of cold 
water, previously boiled and cooled if there is any question regard- 
ing its purity. Of course it is understood that these cupfuls of 
water are exactly level full. When the mixture in the bowl is cooled 
to 90 degrees, crumble one-half cake of chilled compressed yeast 
into it; this is in the proportion of one-fourth cake of compressed 
yeast to one cupful of water; double this amount of yeast if it is 
desired to complete the bread-making process more quickly. With 
the wooden spoon, rub the crumbled yeast against the bottom of 
the bowl till it is rubbed to a smooth paste, then stir thoroly the 
contents of the bowl. Some prefer to rub the yeast smooth in a 
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small amount of water in a cup by itself, and then add the resulting 
yeast paste to the contents of the bowl. This may be done, of course, 
but if so, allowance for the amount of water to be so used, should be 
made previously: otherwise, an error in the total amount of wetting 
is introduced, and the recipe is not followed exactly. 


After adding the yeast and stirring thoroly, gradually add the 
prepared flour while constantly beating the resulting batter to keep 
it as smooth as possible. As the mass becomes too stiff for beating, 
continue to add the flour while stirring the dough carefully till five 
cuptuls of the six prepared, have been added. At this point it is 
well to let the dough rest about 15 minutes. Take its temperature 
by burying the bulb of the thermometer within it to remain while 
the dough is resting. The correct temperature for this short-process 
bread is 85 to 86 degrees. Cover the bowl while the dough is resting, 
and place it in the cabinet. Meanwhile, put the sixth cup of flour 
on the warm kneading board and spread it out in a thick layer just 
large enough in diameter to protect the dough to be laid upon it. It 
is much easier to keep a bread dough slack, when kneaded over a 
thick layer of flour than when kneaded over a thin layer; or than 
when kneaded in the bread bowl. 


When the dough has rested 15 minutes, remove it from the 
bread bow] to the thick layer of flour prepared for it; then, with the 
cleanest of clean hands, washed in hot water, quickly, but hghtly, 
knead into it as much or as little of this iba as Is necessary to 
make a smooth but slack dough. In kneading bread-dough, try to 
do so rapidly but deftly; slip the dough one- fourth the way around 
each time it is folded over, and at ‘the same instant press down 
rapidly and lightly two or three or more times with the balls of 
the hands, squeezing the dough simultaneously, but gently with the 
spread fingers. Quick, light touches and motions are best. Never 
press hard. Avoid long kneading, lest the dough get chilled—once 
chilled, yeast action is “slow. The dough has been “kneaded enough 
when it seems elastic, sufficiently elastic to spring back when slight- 

dented with the finger—when it seems covered with little air 
blisters. This kneading process should be completed within 10 
minutes, and the dough ready for its first rising. Transfer it to the 
bread-bowl, buttered, and slightly warmed if necessary; butter the 
top of the dough, and take its temperature or, better, insert bulb of 
thermometer in the dough to remain during its first rising. It is 
probably unnecessary to add that it is not necessary that the ther- 
mometer remain perpendicular—its position may be as slanting 
within the bowl as necessary, the bulb remaining downward of 
course. Remember you are trying to keep the temperature of the 
dough at 85-86 degrees F., not above! Cover the bowl with its cover 
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plate slightly warmed; wrap it in one of the folded bread-cloths, 
also warmed if necessary; set it in the well-padded cabinet, and 
cover it as closely as necessary with the other pad. This first rising, 
with the amount of yeast used (one-half cake for two cupfuls of 
water), and the temperature 85 to 86 degrees closely maintained 
will probably take from two, to two and one-half hours. Watch the 
dough closely, especially during the latter half of this period. 

‘It should rise till it seems light all thru, just light enough so 
that a moderate touch with the finger starts it very gently down- 
wards. This point is exceedingly important in making good bread, 
for it is the point that indicates that the dough is “ripe,” that 1s, 
that the fermentation has been carried just far enough to give the 
resulting bread the desired flavor, just far enough to soften the 
gluten, and yet retain the desired elasticity of texture. Bread from 
under-ripe dough is tough—its gluten has not been sufficiently soft- 
ened by fermentation; from over-ripe dough is very likely to be 
crumbly, while it may smell and taste more or less faintly sour— 
due to bacterial action. Prove the toughness of under-ripe dough, 
and the crumbliness or sourness of over-ripe dough, some time, by 
baking some unrisen dough, and then some very much over-ripe 
dough; these two little experiments will well emphasize two con- 
ditions to be avoided—under-risen dough, and over-ripe dough—the 
Scyla and Charybdis between which you must steer. 

When the dough is just ripe, it is ready to be molded into 
loaves. The aim of this process, primarily, is to rid the dough of its 
excess of carbon dioxide gas, to distribute evenly that which is left, 
and then to mold the dough into smooth loaves. The expert often 
does all this simply with well-buttered hands, and without once 
touching the dough to the kneading board. But the safer method 
for the inexperienced is to transfer quickly one-half of this two-loaf 
bread dough to the kneading board which yet has the remains of 
the sixth cup of flour upon it; rapidly to press the dough down flat 
to force out the excess of carbon dioxide as completely as possible; 
then to fold the dough over from back, from front, from one side 
and then from the other, pressing the dough tightly together after 
each of these foldings; then quickly and deftly to roll it into a 
smooth loaf—it will be about the desired width and length if the 
foldings have been well proportioned. Now place the loaf in a 
well-buttered, slightly warmed, bread-pan and brush the top of it 
with melted butter. This rapidity of action is to keep the dough 
from getting chilled. Repeat this whole process with the other half 
of the dough, Place both loaves in the bread cabinet or in a mod- 
erately warm place where they will not be exposed to a draft; cover 
the pans with clean paper, or with a thin, clean cloth so supported 
that it cannot possibly touch the loaves themselves. Let them rise 
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till the dough just fails to respond to a slight dent made by the 
finger, and the pan with its load feels a bit light. This rising is 
very important; it will probably take from one to one and one- 
fourth hours. When risen just enough, or very slightly under, slip 
the pans at once into a hot oven, preferably 400 degrees F. Insuffi- 
ciently risen dough is hkely to lead to badly Shaped loaves, similar 
to those shown in Fi igure 8. Be sure a space is left between the pans 
in the oven that the heat may circulate freely around them. 

If your oven door is fitted with a glass inset, you can easily 
keep watch of the baking process. In most. ovens it is well to turn 
each loaf within the first 10 minutes, lest one side rise higher than 
the other. The bread will continue to rise slightly for 15 minutes, 
then should begin to brown. In some ovens at the end of 25 or 30 
minutes, the oven heat should be lowered gradually and the baking 
continued at a lower temperature. The bread is baked when it is 
evenly and rather deeply browned, and has shrunken from the sides 
of the pan. This will take from 45 to 50 minutes or more, depending 
upon how the oven temperature has been controlled and upon the 
oven itself. Turn the baked loaves out upon the bread-rack, and if 
they are not evenly browned all over, return them quickly to the 
oven to bake a few minutes longer. Otherwise leave them upon the 
bread-rack to cool. Do not cover unless it is necessary to protect 
them from flies or dust. 

From the time that the dough was ready for its first rising, till 
the bread is out of the oven, this straight-dough method will take 
from four to six hours, depending upon the dough temperature it 
has been possible to maintain. As already indicated this time can 
be shortened by increasing the proportion of yeast used. 

As repeatedly emphasized, it 1s important in straight-dough 
short-process bread to keep the temperature of the dough at 85 to 
86 degrees, but the temperature should not be allowed to go higher 
than that. This is because of possible bacterial action which is likely 
to occur at the higher temperatures. Yeast acts more quickly than 
bacteria, and at lower temperatures, hence the desirability in 
straight-dough bread of using enough yeast and of keeping the 
temperature at just the right point to et the whole process thru 
promptly. 

With some flours, a third rising of the dough produces a bread 
of somewhat finer texture than that produced when only two risings 
are allowed. If a third rising is desired, then after a slight second 
kneading, which may be done on the kneading board, or in the 
bread-bowl, allow the second rising to take place in the bread-bowl 
similarly to the first rising. When the dough has now risen to the 
point at which a slight dent made with the finger barely remains, 
make it into loaves and proceed as heretofore described. 
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MopIFICATIONS OF THE STRAIGHT-DouUGH Meruop ror BREAD-MAKING 


A. Srraicut-Doven, Sronce Mernop.—The straight-dough 
method of bread-making is easily modified, if desired, to a straight- 
dough, sponge method. For this purpose, lessen the amount of yeast 
to one-sixth of a cake of compressed yeast to each cupful of water, 
and proceed according to the straight-dough method till one-half 
the total amount of water to be used has been beaten into the batter; 
beat the batter thoroly, cover it closely, and set it in the bread- 
cabinet till the “sponge” is foamy. This will probably take about 
an hour. When this sponge is foamy, add the remainder of the flour 
as necessary to make a slack dough and continue according to the 
straight-dough method. Obviously, this method takes more time 
than the simple straight-dough method. 


A Srratcut-Doucu, Lona-Process Breap.—The straight-dough 
method of bread-making is also easily modified to a straight-dough 
long-process or over-night method. Briefly, the changes to be made 
are (1) to lessen the amount of yeast used, and (2) to allow the 
dough to rise at a lower temperature for a longer period of time. 
Proceed as follows: For each cup of water used, lessen the amount 
of yeast to one-eighth of a cake or even less. Arrange to knead the 
dough and to carry out the whole process at 68 to 70 degrees, instead 
of at 85 to 86 degrees. Knead the dough till smooth and elastic, and 
set to rise between nine and ten o’clock at night. Cover properly, 
arranging to keep the dough at 68 to 70 degrees till morning. When 
hight, as it should be early in the morning, knead into slack loaves 
continuing according to the straight-dough method. 


Lone-PrRocess or Sronce Breap 


This is the second of the two general methods for making bread. 
It is usually carried out with dry yeast or with home-made liquid 
yeast, and is an over-night process. With dry yeast modify the 
standard recipe for one loaf of bread as follows: 

To each cupful of water, instead of compressed yeast, use one- 
fourth of a cake of commercial dry yeast. For two loaves of bread, 
crumble one-half cake of this dry yeast into one-fourth cupful of 
lukewarm water, and let it soak 20 minutes. To the remainder of 
the water needed (one and three fourths cupfuls), add the other re- 
quired ingredients according to the straight-dough method until one- 
half the sifted and measured required amount of flour has been 
added, but keep the temperature at 68 to 70 degrees instead of 85 
to 86 degrees. Beat the resulting batter or “sponge” very thoroly, 
cover and set it in the bread-cabinet overnight, making arrange- 
ments to keep it at 68 to 70 degrees till morning. When “light” and 
foamy, as it should be in the morning, add the remaining flour till 
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an elastic, slack dough is formed, and continue according to the 
straight-dough method. 

A nice modification of this method is as follows: Soak the dry 
yeast 20 minutes at night in one-half the total amount of water, 
lukewarm, to be used; cautiously add sifted and measured flour till 
one-fourth the amount of flour necessary has been added, meanwhile 
beating constantly to keep the batter smooth. Cover properly and 
let it rise at 68 to 70 degrees over night. When heht in the morning, 
put the required amounts of sugar, butter and salt together in a 
small bowl, add the needed other half of water, boiling hot, to this 
mixture, and when it is cooled to 100 degrees add it slowly, beating 
constantly, to the risen sponge. Take the temperature of the result- 
ing mass—it should be about 85 degrees. Slowly add the remainder 
of the flour (warmed) necessary to form an elastic slack dough, and 
continue according to the straight-dough method. 


Liquip YEAST 


In long-process bread, either liquid or dry home-made yeast 
may be substituted for the commercial dry yeast. The writer has 
found the following old recipe for liquid yeast, a reliable one: Steep 
one-half cupful of loose hops in one quart of boiling water in an 
enameled kettle, five minutes. Mix together one cupful of flour, 
one-fourth cupful of sugar, and one tablespoonful of salt. Strain 
the hop liquor, and pour it boiling hot into the flour mixture, while 
stirring the latter constantly. When lukewarm, add one cake of 
compressed yeast rubbed to a fine paste in one-fourth cupful of luke- 
warm water; or, one cake of commercial dry yeast thoroly soaked 
ina like amount of lukewarm water; or, one cupful of a good liquid 
yeast. Set the mixture in a moderately warm place till fermentation 
is active. Transfer it to a well-scalded earthenware jar or crock of 
sufficient size to allow for fermentation, cover with well-scalded 
earthenware cover, and keep it in a cool place. One-half cupful of 
this liquid yeast should equal in fermentation value, one cake of 
commercial dry yeast. 

AN Ines Loar or Breap 


Figures 9, 10, 11 and 12 show an interesting sequence of pictures 
of the same loaf of bread—a loaf meeting very closely the require- 
ments of the ideal. 

Figure 9 shows the uncut loaf; Figure 10 the loaf with a few 
slices cut off; Figure 11 the cut loaf while being tightly squeezed in 
the hands to test its elasticity; Figure 12 the loaf released there- 
after. Note in Figure 9 the nearly symmetrical shape of this loaf 
of bread, and its well-colored crust unblemished by such cracks as 
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are shown in the breads of Figure 8; note in Figure 10 the attrac- 
tive, regular, appetizing slices into which this symmetrical loaf 
cuts; note its perfect elasticity as shown in Figures 11 and 12— 
tightly squeezed in Figure 11, its shape regained in Figure 12 with 


“Tl 


igure 9.—Showing a well-risen, symmetrically shaped, 
well-baked loaf of bread. 


Figure 10.—Showing the loaf of Figure 9, eut. 


little if any breaking of the cell walls, only slight cracks in its 
tender, crisp crust. This loaf of bread, in Sonne of shape, good 
color of both crust and crumb, excellent texture, facia ance ae 
delicious flavor, like many others made in the course of cee eXx- 
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periments, met very well the exacting requirements of the ideal loaf 


of bread. 


Figure 11.—Showing the cut loaf of Figure 10 while being tightly squeezed to 
test its elasticity. 


Figure 12.—Showing the loaf of Figure 11, released. 


It was made by the straight-dough or short-process method, 
and of Colorado soft-wheat flour. 
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THE AUSTRALIAN SALTBUSH 


Atriplex semibaccata 


By Wo. P. HEeappen 


At one time this plant was thought to hold out considerable prom- 
ise as a forage which could be produced under very unfavorable soil 
conditions and also with a very small rainfall. These are desirable 
properties provided the forage proves agreeable to the animals re- 
quired to eat it, and it nourishes them well. 


Its manner of growth and the difficulties presented in gathering 
it are minor points easily met, provided the forage is needed and de- 
sired. It was not supposed that it would take the place of alfalfa or 
any other good forage but simply be a substitute under conditions in 
which better forages could not be produced. Alfalfa needs a good 
many inches of water to produce even one good crop in a season, 
but this saltbush is said to do well with very little water ; 4.7 inches is 
the figure given. Our ordinary forage plants will not grow with so 
little water. The need of forage plants in parts of this state has been 
attested for years by the makeshifts resorted to, such as the use of 
Russian thistles, sand-grass and some native saltbushes. 


We have given the composition and digestibility of some of these 
in earlier bulletins, but this seems not to have helped the people whose 
interests we had in view. We ealled this plant, the Australian Salt- 
bush, to the notice of dryland farmers 20 years ago in Bulletin 135 
of this station. 


Analyses Misleading 


There is little value in an analysis alone as is abundantly shown 
in some of these experiments. We used two analyses, one of a hay, 
clover and mixed grasses, and one of oat-grass to illustrate this. The 
analysis of oat-grass, Stipa viridula, is in every respect apparently 
better than that of the hay; protein content is 1.8 times as large as 
in the hay. The amount of ash is not objectionable, the crude fibre is 
not excessive and the nitrogen-free extract is only about one-sixth less 
than in the hay. Mixed hay isa good forage. All stock eat it but they 
will not eat oat-grass, even green, if they can get anything else at. all. 
Perhaps a better illustration of the unreliability of an analysis is a 
comparison of ‘‘native hay’’ a mixture of native, mostly meadow 
grasses, and sedges, corn fodders, and hay made of the native salt- 
bush, Atriplex argentia. The analysis of these fodders is here pro- 
duced. 
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NATIVE AND SALTBUSH (A. argentia) HAY AND CORN FODDER COMPARED 
Native Hay Corn Fodder Saltbush Hay 


Percent Percent Percent 
TOTS TU eee ee ONS 8.21 §.32 
TNGN GY | eee eee en: ee PE Pere en ee ei eee 10.64 9.53 19.28 
Ether Extract CAO, AOI ot Sen ere 3.18 1.55 1.46 
PTO TES CN G25) sereete ease ares tence ee ee 6.98 4.62 9.73 
(Oslo ve Weihopwe’ wa sets rer hs dreceys eer errn ore ena 31.33 29.85 Zi.oo 
Nitrogen-free Hxtract, cscs: sce necceeeree = 42.79 46.24 36.88 

100.00 100.00 100.00 


The native hay is considered a good fodder. For sheep we found 
it moderately good, equal to, but not better than corn fodder. I wish 
to emphasize the fact that the statements made in this connection refer 
to results obtained with sheep. Other farm animals digest about the 
same amount as sheep, still the fodder might agree better with other 
animals. The sheep that we fed on this fodder lost very rapidly. If 
the rate of loss could have been maintained, the sheep would have lost 
more than their original weight in 90 days. 

Coming back to our analyses, I think that the general judgment 
based on analytical results would be in favor of the saltbush hay. It 
is true that the ash is high, nearly twice as high as in the native hay. 
It is, however, only about two-thirds as high as in dried beet leaves, 
and the proteins (Nx6.25) are twice as high as in the corn fodder. The 
crude fibre is lower than in either of the other two and the nitrogen- 
free extract is only lower by 10 percent than in the corn fodder. 
These are the usual groups into which we divide fodders. We may 
add that neither of the plants is known to ever contain anything pois- 
onous to stock as is sometimes the case with green sorghum. 

The results of our feeding experiments bear no relation to the 
compositions set forth in these analyses. The native hay and corn fod- 
der gave equally favorable results, a gain of 3.5 pounds in 5 days. This 
saltbush hay caused a loss of 9 pounds in 5 days. For our present 
purpose we consider only the analyses and the results. The native hay 
and the corn fodder were more than maintaining the animals but they 
were actually starving on the saltbush in spite of its apparently bet- 
ter analysis. 

These are not the only instances that might be given. If Minne- 
sota Early Amber sorghum and corn fodder be compared in the same 
way, we shall have the following: 


Sorghum Corn Fodder 
Percent Percent 
Moisture _.... ee eed me 2 ids 5.75 8.21 
Ash See eat ACR Y eS Pe. See Sey 9.53 
Ether Extract __. eee ee : eee Se Rene 2d 1.55 1.55 
GUGM eee eee ‘ Pee ee i 5.80 4.62 
Crude Fibre . Pee Ge ee eee Were ees 28,96 29.85 
Nitrogen-free Extract ._ : ee on RE oT 55.47 46.24 


100.00 100.00 
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Here we have two quite similar plants and the composition is not 
so very unlike. The sorghum is the richer in proteins and easily solu- 
ble carbohydrates, or nitrogen-free extract, and lower in erude fibre. 
The feeding results with these samples were: Sheep fed on sorghum 
lost 7.5 pounds; fed on corn fodder they gained 3.5 pounds, a differ- 
ence of 11 pounds of flesh in 5 days. The coefficients of digestion are 
not apparently wide enough apart to account for the results obtained, 
and by chance, the same sheep were used in the two series of experi- 
ments and during the same season, so they were of the same age and 
the idiosynerasies of the animals were the same. The only explanation 
that we have to offer is the evident one, expressed by the loss of 7.5 
pounds of flesh, to-wit: The sorghum was lacking something needed 
by the sheep. We say it did not agree with them, but the corn fodder 
did. Both of these fodders were in excellent condition when fed and 
there was no mature corn in the fodder. What principle was lacking 
in the sorghum we do not know. There were no other signs of any 
injurious effect upon the sheep. 

It is a question whether the ordinary analysis, such as is quoted 
here, is really sufficient to give more than a general idea of the pos- 
sible value of a fodder. The coefficients of digestion, at least some 
of them, perhaps the most of them, may be good, but the testimony of 
the animals experimented with may be adverse. Our experiments with 
the hay of a native saltbush illustrates this. 

The saltbush was Atriplex argentia. The analysis of this hay 
gave proteins (Nx6.25) 9.73 percent, nitrogen-free extract 36.88 per- 
cent, crude fibre 27.33 percent. The average coefficients of digestion 
found for three sheep were, for protein, 66.35; nitrogen-free extract, 
49.16; fibre, 8.29. The same for alfalfa are proteins, 72.54; nitrogen- 
free extract, 72.89; fibre, 49.93. The consumption of proteins in the 
two cases, saltbush and alfalfa, was very nearly the same so that the 
amounts of proteins digested were also nearly the same—1309 grams 
with alfalfa and 1096 grams with saltbush, but the feeding results 
were very different. The sheep fed alfalfa gained 9 pounds and those 
fed saltbush lost 8.5 pounds. 

The question arises: Do the differences in the observed coeffi- 
cients of digestion and the composition of the fodders give us the ex- 
planation for the results? Two points are fixed with reasonable cer- 
tainty—the amounts of the protein, ete., used and the final weights of 
the animals. The amounts of protein and nitrogen-free extract di- 
gested were: Three sheep fed on alfalfa; protein, 1308 grams, nitro- 
gen-free extract, 2544 grams. Three sheep fed on saltbush; protein, 
1096 grams, nitrogen-free extract, 3012 grams. 

The sheep digested 212 grams less protein and 468 grams more 
nitrogen-free extract when feeding on saltbush hay than when feeding 
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on alfalfa, but of crude fibre the sheep feeding on saltbush hay digest- 
ed 1534 grams less than those eating alfalfa hay. If our analytical and 
experimental results are criteria, then the alfalfa hay is better than 
saltbush hay because its crude fibre is digestible while that of the salt- 
bush is indigestible. The animals eating alfalfa gained flesh while 
those eating saltbush lost. The legitimate inference is that the impor- 
tant factor is neither protein nor nitrogen-free extract but the erude 
fibre. This would be difficult to believe. 


Our Criteria Unsatisfactory 


Assuming that these three parts of the fodders contain all and the 
only factors that participate in any essential way to the nourishing of 
the animals, the legitimate inference is, comparing alfalfa and saltbush 
hay, that the crude fibre must be the important factor in producing 
the bad results obtained in the case of the saltbush or the good ones in 
that of the alfalfa hay ; but in comparing alfalfa and sorghum, the in- 
ference is that the proteins are the important factors. With the diges- 
tion of large amounts of proteins we have a good gain; with small 
amounts, a decided loss, but with corn fodder we have a satisfactory 
gain, 3.5 pounds, with the digestion of only one-sixth as much protein 
as they digested when fed saltbush, and one-seventh as much as when 
fed alfalfa. The nitrogen-free extract digested when corn fodder was 
fed was considerably less than with either of the other three fodders 
and the crude fibre was for the three sheep only 130 grams more than 
was digested when they were fed sorghum. The same three sheep 
were used in these experiments. The cheapest gain was made with 
the corn-fodder. 


In regard to the water consumed, the saltbush caused the animals 
to drink about twice as much water as when fed other fodders. How 
much weight is to be attached to this factor in judging of its value I 
do not know, but no excess of water was drunk when sorghum was 
fed, when the loss was likewise 8.5 pounds in 5 days. The proteins 
digested when sorghum was fed totalled 301 grams by the three sheep. 
When saltbush was fed, 1098 grams were digested and the loss was 
nearly equal, 8.5 against 7.5 pounds. The data obtained by analyzing 
the fodder and determining the coefficients of digestion are not ade- 
quate to explain the results obtained. All that we ean state is that 
alfalfa and corn fodder are good fodders for sheep and that sorghum 
and this saltbush are not good ones for sheep. 


So far we have omitted two groups, the mineral constituents or 
ash, and the ether extract. The ash is highest in the saltbush and next 
in the alfalfa, and about 9 percent each in corn fodder and sorghum. 
The ether extract is so nearly the same in each that, so far as the 
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quantity is concerned, we cannot attach any importance to the differ- 
ences. It does not follow, however, that it is not important. 


It seems certain that we have not considered the real causes of 
the differences in the values of these fodders. 


Heat Energy as Criterion 


We attempted to find a better explanation in another relation, i. 
e., in the heat or energy of the fodders. This is no less unsatisfactory. 
The energy appropriated by the animals was, when fed alfalfa: 
30,955,663 small units of heat; corn fodder, 19,424,180; sorghum 
25,088,621; and saltbush, 23,149,533. The sheep appropriated more 
energy from alfalfa and made more gain than when fed corn fodder 
and the gain is relatively greater with the alfalfa than with the corn 
fodder, i. e., the energy appropriated from the alfalfa is about 1.6 
times that appropriated from the corn fodder while the gain is 2.6 
times that made with the corn fodder. This result cannot be wholly 
due to the energy used for they appropriated more energy with the 
saltbush and also with the sorghum than with the corn fodder but the 
animals lost 8.5 pounds in 5 days on these fodders, whereas they 
gained 3.5 pounds on the corn fodder. 


Neither the analyses nor the determinations of the heat or energy 
values have revealed the actual values of the fodders. The feeding 
experiments show that alfalfa and corn fodder are good but that sor- 
ghum and saltbush are very poor when fed alone. 


Sorghum and Saltbush Prepared As Emergency Fodders 


The saltbush hay and the sorghum also were gathered as emer- 
gency fodders to tide stock over periods of stress. They were fed to 
animals protected from the weather and made as comfortable as we 
knew how, but the results show the fodders to be very poorly fitted for 
the purpose that they were intended to serve. The animals lost flesh 
rapidly under these favorable conditions. Had they been exposed to 
cold high winds and snow, it would have been even worse for them. 


These are the only fodders prepared with this object in view. 
Alfalfa, timothy and native hays are out of the question under dry- 
land conditions. Mixed rations are also not to be considered in con- 
nection with these emergency fodders. But alone these will not main- 
tain an animal living under the most favorable conditions for even 
the few days of a digestion experiment,—12 days in all, 7 days pre- 
liminary feeding and 5 days actual observation. It was during these 
last 5 days that the sheep lost 8.5 pounds when fed these fodders. The 
animals were actually starving tho they were eating plenty. 
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The question for our dryland farmer was and still is, what emer- 
gency ration can be provided which is better than these. For him al- 
falfa and the ordinary fodders are out of the question. His choice is 
confined to what he may be able to grow in sufficient volume to sup- 
ply his requirements. This was the question we had in view in mak- 
ing these experiments and was the reason for our procuring fodders 
erown under those conditions and prepared for actual use and not for 
our special purpose. The results, however, have a much wider signif- 
icance, but this does not alter the practical fact that saltbush hay and 
sorghum fodder constitute a starvation diet for sheep. How bad this 
would be if the animals were exposed to cold, or high winds with rain 
or snow, the writer has no idea. 

It seemed unfortunate that these two fodders should be the ones 
available to the ranchmen of our drylands, a section in which there is 
sometimes a lack of pasture except in favorable seasons. The native 
grasses are nourishing but, like other plants, they can make only little 
erowth with the water available. Further, they are slow in reestab- 
lishing themselves when broken up or killed out. 

It has been stated that the sorghum used was Minnesota Early 
Amber, a saccharine variety, but I understand the non-saecharine sor- 
ehums are more commonly grown. 


Australian Saltbush 


We studied the Australian Saltbush, Atriplex semibaccata. The 
reasons for this choice were that it was commended as the best of 
the saltbushes as a fodder and succeeds with a small amount of water. 

With us it grew vigorously; of course, it had plenty of water, 
and the soil was a rich loam. The dryland soil may be good but the 
water would be much less than it had in our case. The habit of the 
plant with us was prone but the diameter of single plants was com- 
monly as much as 7 feet. A diameter of 18 feet is recorded for it. 
We cut it and made it into hay for our digestion experiments. I do 
not know what kind of a winter pasture it would have made. 


The plant with us was an annual but seeded itself abundantly. 
These cultural features were not the object we had in view but we 
grew it for eight seasons on two types of soils and it did well in all 
cases. We fed it green to a horse with good results, at least the animal 
seemed to do well on it, tho it was not weighed; also to some (3) 
old sheep for 3 weeks. These animals maintained their aggregate 
weight. The digestion experiments were made with sheep eoing on 
two years old. The results of these experiments are given in Bulle- 
tin 1385, Colorado Experiment Station, 1908. The coefficients of di- 
gestion found were very good indeed. Compared with alfalfa and 
native hay, they stand as follows: 
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Dry Matter Ash Fat Protein Fibre Extract 
OAR MLE, Seok eee ened ee on ak 63.95 57.67 29.86 72.54 49.93 72.89 
Australian Saltbush ............ 60.48 59.64 24.46 84.65 27.80 63.83 
Ne Vel oy ee eee Se 50.53 42.52 20.55 62.33 55.56 51.30 


The alfalfa was of good quality grown at Fort Collins. 


The dry matter of the saltbush is almost as digestible as that of 
the alfalfa but this tells us only that the animals appropriate almost 
as much of the one hay as off the other. The ash is both larger in 
amount in the saltbush and is more freely taken up by the animal. This 
is not necessarily good, it might be the opposite, but in this case we 
observed no indication that this was the case. When the plant was 
fed in the green state, it had a laxative effect at first but this disap- 
peared shortly and the animals did not seem to suffer inconvenience 
of any sort. The protein is not only very abundant in the hay, 20.6 
percent in that used in the digestion experiment, but it has a very high 
coefficient of digestion, 84.65 against 72.54 for the protein in alfalfa 
hay, of which it constituted 15.03 percent. The coefficient for the 
crude fibre is quite low, 27.3, but that for the nitrogen-free extract is 
fairly high, 63.83. We have put beside these the coefficients of diges- 
tion found for a good quality of native hay, which are lower thruout 
than those for the saltbush. The sheep fed the native hay, whose co- 
efficients are given above, gained 3.5 pounds in 5 days, and on the 
saltbush 1 pound. The crude fibre is the only group in the native hay 
having a higher coefficient of digestion than in the saltbush. It should 
also be noted that, while no sheep in either series lost weight, more 
than two-thirds of the total gain made when fed native hay was made 
by a single sheep, the other two making the same gain that two of 
those fed on saltbush made, while the third animal fed on saltbush 
neither gained nor lost. 


Australian Saltbush Varies Greatly in Composition 


The saltbush hay was very good. The plants were cut before 
many seed were ripe and were cured on canvas in order to save all the 
leaves. The protein was higher in this sample than any other analyzed. 
Our samples of this hay made in different seasons varied very greatly 
in this respect. Some of our samples were the lowest that I found 
given for the plant and this one was the highest. The plant seems 
to vary greatly according to the soil in which it is grown but a part 
of the differences observed may have been due to loss of leaves and 
other causes. The variation in the composition of the ash points to 
the soil as having an unusual influence upon this plant. This chlorin, 
for instance, in the ash of this plant grown on good soil—we can, I 
think, properly designate it as alkali-free soil—was less than 6 percent, 
5.82, whereas in that of plants grown on alkali soils it was 20.8 and 
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24.33 percent, and the ash in our hay was about 18.0 percent in all 
of our samples, also in Californian samples, but is given as 13.09 per- 
cent in hay grown in South Dakota.* 

The hay is not so good as alfalfa hay notwithstanding the high 
coefficients of digestion for all groups except the crude fibre. On the 
other hand it is as good as timothy and native hay and decidedly 
better than the sorghum that we fed. 

The details of these data were published in 1908, (Bul. 135, Colo. 
Exp. Sta.) at which time little or no interest seemed to be taken in the 
matter and there seemed to be no adequate object for giving the fol- 
lowing data, but they present further features of the question which 
may have value enough to justify their presentation. 


DATA ON AUSTRALIAN SALTBUSH. Atriplex semibaccata. 
Composition of the Hay and Coefficients of Digestion.** 


pv N-Free 
Moisture Ash Fat Protein Fibre Hxtract 
SST aang pine eee cece ee eet cee seen 3.645 18.635 1.370 20.600 16.382 39.368 
Orts— 
Sheep No 21.668 1.460 21).820, 15.233 37.209 
Sheep No 24.251 1.400 20.310 13.287 37.157 
Sheep No: 3..2:...... 5480 22.156 1.400 20.500, 14.502 37.957 
Feces— 
SheepmeNoyele sa 4.560 14.974 2.350 7.940 35.417 34.759 
hee preNOy seas corer eee 4.525 15,894 2.240 8.090 32.142 37.109 
Sheepy UNO goat eee 4.820 17.848 2.880 7.750 31.205 35.497 
Experimental Data—Sheep No. 1 received 6,577 grams of hay. 
N-F'ree 
Dry Matter Ash Fat Protein Fibre Extract 
Hay AS Terr 1225.62 90.11 1354.86 1077.44 2589.24 
Oris .--4192.00 942.34 63.50 905.46 662.48 1618.22 
Consume clea 2145.27 283.28 26.61 449.40 414.96 871.02 
NRO EXCH ea pean cies Or sy BRR 1089.93 171.03 26.83 90.67 404.46 396.94 
Deg be dl eng 1055.34 112.25 -0.22 358.73 10.50 574.08 
Coefficients of 
Disestiompes sores 49.19 39.57 sets te 79.74 2.53 58.85 


This animal weighed at the beginning of the experi 78\% 
xperiment 78 ounds, a 
the end 78% pounds. Ar a 


Sheep No. 2 received 7,988 grams of hay. 


N-Free 

Dry Matter Ash Fat Protein Fibre Extract 
TE tayo ete 2 ee ee eye 7648.66 1479.30 108.76 1635.20 1300.40 3125.00 
56.32 517.28 29.86 433.21 283.41 792.56 
Consumed Reset teeta eee 5592.34 962.02 78.90 1201.99 1016.99 2332.44 
oe ; 2195.93 365.57 51.52 186.07 739.26 8538.51 

igor daeeee he 3396.41 596.45 27.88 1015.92 277.7: 73, 

Fanner 3 015.92 PATEL 1478.93 
IDEAS ONO, G. scerneteeeeetacee 60.87 62.00 34.70 $4.52 27.31 63.41 


This sheep weighed at the beginnin i 
é g of the experiment 
the end 80 pounds. . 


Sheep No. 3 received 7,938 grams of hay. 


79% pounds, and at 


*Bul. 69, South Dakota Experiment Station. 


2m 


Table from Colorado Experiment Station Bulletin 135, p. 10. 
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N-F ree 

Dry Matter Ash Fat Protein Fibre Extract 
EC ae ane SARA ee oo Oe T6A8.66 1479.30 108.76 1635.20 1300.4 3125.00 
COV SA: cx eee Debee ie cheers 2565.37 588.91 37.21 544.89 385.45 1008.89 
Consumed) 2 ae ..0088.20) 890.39 71.55 1090.31 914.95 2116.11 
Voided --2028.29 380.34 61.37 165.94 664.98 755.66 
LD REIS 1h 5,5 Gyan ee ee arenes 8055.00 501.05 10.18 924.37 249.97 1360.45 

Coefficients of 

Di Pestion) p= ee ees 60.10 57.28 14.23 84.78 27.29 64.29 


This animal weighed at the beginning of the experiment 85.75, at the end 85.5 
pounds. 


PROXIMATE COMPOSITION OF AUSTRALIAN SALTBUSH HAY 


Soluble in Percent air-dried hay 
Hirhty percent alcohol — 233... 30.107 Glucose = 1.27* Sucrose 0.45 
OREN EA LE gO UGC Naa oe ee ea GOD Gums 0.45 
BSG, SUDDEN: PTR TOUR oe eens eae cee eek 4.452 Starch 0.52 
One percent hydrochloric acid —......... 19.075 Xylan 4.77 
One percent sodic hydrate ...............-........15.482 Xylan 0.77 
Chlorin, etc.** ‘ 
Heiiuloseror Tesidues-=2 se 14.441 
99.149 


*The reducing power of this decolorized extract is attributed to glucose and the 
increase effected by boiling with dilute sulfuric acid to sucrose. 


**This consisted of treating the wet residue, after boiling with sodic hydrate, with 
chlorin for one hour, then boiling with sodic hydrate and finally with sul- 
furous acid. 


EXPERIMENTS WITH SHEEP No. 1 


COEFFICIENTS OF DIGESTION FOR THESE EXTRACTS 
Total fed Orts Consumed Voided Digested Coefficient 


grams grams grams grams grams grams 
Eighty percent alcohol ........ 2036.0 1392.7 643.3 172.2 471.1 13.28 
Cold water 556.6 212.6 68.3 144.3 67.88 
Hot water iA 317.2 -24.4 43.2 -706. 
One percents ELCL so oe 1254.6 TL, 532.9 321.7 211.2 39.63 
One percent NaOH. ...............1018.2 626.2 392.0 176.7 215.2 54.92 
AST OTR eget tet nsec eens COOLS 157.2 99.1 y fa a USL -12.0 
Collnlos Gn ks as 949.8 567.3 382.5 248.8 132.7 34.95 
6576.9 4338.9 2262.4 1142.0 1126.6 54.12 


The orts gave a larger amount of hot water soluble than was con- 
tained in the fodder fed. This is the result obtained. We have no 
facts to give in explanation. The sheep, however, nosed the hay 
and rejected the leaves and to what extent it moistened these with 
saliva is unknown and how much difference such a fact might have 
made is also unknown. Notwithstanding the negative results given in 
the table, the coefficient of digestion calculated from these experi- 
ments for the dry matter of this hay is 49.50 against 49.19 found by 
using the whole hay and dung voided, so the results seem to be fairly 
reliable. With feces it has happened to us before that we have ob- 
tained negative digestibility due probably to the character of the fecal 
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matter. The preceding table considers the total extracts and does not 
attempt to divide them into any further components. 


Sugars in Australian Saltbush Hay 


The hay, however, contains some ready-formed sugars, gums, 
starch, hemicelluloses and cellulose proper. The gum, starch and cel- 
luloses can be converted wholly or partly into sugars that will reduce 
a Fehling’s solution, i. e., throw down cuprous oxid. The compounds 
yielding these reducing sugars are unequally attacked by dilute hydro- 
chloric acid and sodic hydrate. In some cases the hydrochloric acid 
extract shows a relatively large amount of reducing sugar, in others 
the sodie hydrate. 


In the alcoholic extract after precipitation of coloring and other 
matters by lead acetate, sodic sulfate and copper sulfate, the solution 
is colorless unless an excess of copper sulfate has been added. The re- 
ducing power of this solution is attributed to the presence of glucose. 
This reducing power is increased on boiling with addition of sulfuric 
acid ; this increase is attributed to the presence of sucrose because this 
would be the action of sucrose if it were present. The probability is 
that these sugars are actually present, but their quantity is small. 


The reducing power of the inverted cold water extract is attribut- 
ed to gums while that of the hot water and malt extract after deduc- 
tion of the reducing power of the malt extract used is attributed to 
starch. None of these substances is present in the saltbush hay in any 
significant quantity. 


The hydrochloric acid and sodic hydrate in succession attack the 
hemicelluloses with the production of reducing sugars. They presum- 
ably attack different groups and the sugars produced are proportional 
to their respective amounts present. 


The treatment with chlorin, sodic hydrate, and sulfurous acid in 
succession had for its object the removal of lignones and the separa- 


tion of comparatively pure cellulose. This extract showed no redue- 
ing action on Fehling’s solution. 


DIGESTIBILITY OF THE SUGARS IN THE BPXTRACTS 


: Fed Orts Consumed Voided Digested Coefficient 
rlucose 


Sorecuanteerere ens eee eee ee mee 83.53 92.95 30.58 none 380.58 100.00 
SHIT GROSG) Waceeee cee. crese Nec oor cee 138.18 85.47 52.71 6.51 46.20 87.65 
Gums .. 29.59 25.16 4.43 4.23 0.20 45.14 
SCRE, tein cence Seeuuateseeeseest:s OSS 10.44 23.76 none 23.76 100.00 
>oilenay (Mele), pee oe eee 313.72 195.25 118.47 90.78 27.69 23.37 
> SvAehoy (ON EKON SG) eps ee EG I 36.88 9.15. 18.49 9.34 

CO Tin eet eee NONE 


CQININCUMOE GS Far ere reaterersoerreecetce ern OEMS MCS 567.11 382.70 249.42 133.28 34.83 
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These sugars or carbohydrates, except the xylan, exist ready 
formed in the hay. Whether the sugar, here called xylan, split out 
by the sodie hydrate, is derived from the same parent substance in 
the fodder that yields this sugar on boiling with hydrochlorie acid 
is not established. We have found but one ease in the examination 
of six fodders in which there was any considerable quantity of this 
sugar, 1. e., in corn fodder where the coefficient of digestion was 
found to be 28.20 percent. This does not mean that the digestion of 
the sugar proper was low but that the hemicellulose from which it 
was derived was in this case very resistant. The determination is 
probably correct and corresponds to an actual difference in the fodder. 
This is furthermore the only case in which boiling with 1 percent 
hydrochloric acid failed to remove practically the whole of this sugar 
or its corresponding hemicellulose. 


The presence of fecal matter in the voidings that resists the 
hydrochloric acid but reacts with the sodie hydrate is indicated in the 
other cases. In the case of the corn fodder only is the amount of 
this xylan, formed by boiling the residue from the hydrochloric acid 
treatment with sodic hydrate, sufficient to show positively that any 
of it has been digested. Native hay gave a small amount but not large 
enough to justify considering it a positive result. In all cases except 
the corn fodder it appears that the whole of this xylan should be 
obtained in the 1 percent hydrochloric acid extract; in this respect the 
corn fodder differs from all the others. 


Cellulose 


The cellulose which in these analyses is comparatively pure, 
remaining after successive treatments with 1 percent hydrochloric 
acid, 1 percent sodie hydrate and then with chlorin gas and water with 
subsequent boiling with sodic hydrate and sulfurous acid shows a big 
variation in its coefficient of digestibility as is shown by the following 
arrangement of them. 


7a psig [8 OE epee peaaneNe t=. Sener ne oe 94.00 percent 
TUE UNG Pe ches Meee 2 Oe ene ea aes 52.67 percent 
ot Saig a A515 CN MBER ok SRR ie ereeee ty ae ae ena 47.44 percent 
AIGTTOG I VaeaU eh rose a a ager eas nar 41.61 percent 
ATMET AAs SAL pUs i 242 ee opel... 34.83 percent 
Native Saltbush A. argentia............ 28.97 percent 
| SHPEN at GCesMGL AED gine ee Ee Cpa Ren kn Ree ae 16.47 percent 


This cellulose is the crude fibre of our ordinary fodder analysis 
after it has been treated in the wet condition for one hour with chlorin 
gas and then boiled successively with sodie hydrate and sulfurous 
acid and its coefficient of digestion is different from that of the 
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technical crude fibre as ordinarily given. The coefficients for the 
crude fibre obtained for the samples of fodder just cited were as 
follows: 


(Oianaray, GHOSUGK a ee pee pee ee er eee ceoceccee Nos (Il 
Natives Play ecco ee 55.56 
GAARA Baa cook ele ae ee eee 49.95 
Toad MIEN 4s Seis ace tre Sco Men ee EP ne eo 49.23 
DG Oe lA tee ely Were hate Roe w reer Pe 36.08 
Australian Saltbuslr 2224-6 27.29 
IN Ta tice 2a OLS Lee eg 8.29 


These results show that the cellulose is strongly acted on in the 
alimentary canal of the sheep but that the chlorin extract is searcely 
attacked at all. This may be bad chemistry for the hgnones removed 
by the chlorin treatment are closely related to the resulting woody 
fibre or cellulose. It would seem, however, that they resist the 
digestion of the sheep to a greater extent than the fibre or cellulose 
itself. 


Furfural 


There are carbohydrates in the fodders which on acid hydrolysis 
yield reducing sugars and under proper conditions the aldehyde 
known as furfural which can be made a measure of them. In the 
following table are the results obtained in trying to find to what 
extent these are digestible. 


COEFFICIENTS OF DIGESTION FOUND FOR FURFURAL IN AUSTRALIAN 
SALTBUSH HAY AND ITS BXTRACTS. 


Fed Orts Consumed Voided Digested Coefficient 
AIST easy ee eee aes ee ee 602.5 320.3 282.3 122.9 159.3 56.45 
Extracts 
Highty percent alcohol ~.......... 93.71 0.00 93.71 24.43 69.28 73.93 
Cold VV UU CT il enerscnar reece ease eee 157.68 97.84 59.84 
1.47 68.69 97.90 
PLO GRACE wee ee ee eee 30.32 20.00 10.82 
One percent hydrochloric 
SUG eer ee ee 114.17 108.83 5.34 43.21 -37.87 
One percent sodic hydrate 129.24 51.08 78.2 51.03 ZS 53.2 
Chierin Sen PMH 19.05 9.82 6.80 3.02 30.57 
@ellWOS Ce ceccerene se oe ee 49.26 26.68 22.58 26.68 -4.10 
259.82 113.62 146.2 56.27 


The coefficients for the furfural found for the different extracts 
vary and the feces, especially in the case of the hydrochlorie acid ex- 
tract yield more furfural than was contained in the fodder consumed 
approximately eight times as much. We offer no explanation. The 
result for the orts is doubtful. The hydrochloric acid extract, has in 
most cases, five out of seven including the present one, shown a 
medium coefficient of digestion, that of alfalfa a high one, 100 
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percent, while our native, the silvery saltbush, like the present one 
gave a negative result. 


The coefficients found for some other fodders are given in the 
following table: 


Alfalfa Timothy Native Corn Sorghum Silvery 


Hay Hay Hay Fodder Fodder Saltbush 
Highty percent alcohol ............ 99.51 69.47 61.91 94.80 22.010 pees 
NOI WR EOIN ce Ree eee 100.00 71.07 100.00 
} 6.79 } } sso 
IMotawater ang. melt. se 67.44 100.00 
One percent hydrochloric 
SY GHG | epee ea ee A ee ek 100.00 32.80 44.04 73.17 45.72 
One percent sodic hydrate ....... 27.81 11.54 42.16 31.80 25.47 46.35 
MSTA TINT ee eee oe ee en 98.54 
382.57 48.72 26.49 
WeRION Gy eee 72.62 50.12 74.94 } 


Coefficients for whole hay........ 65.15 36.24 50.99 47.07 46.46 37.37 


The sheep fed on alfalfa gained 9 pounds, on corn fodder 3.5 
pounds, on native hay 3 pounds, on timothy no gain, on sorghum 
they lost 8.5 pounds and the same when fed the silvery saltbush, 
Atripler argentia, but when fed Australian saltbush, Atriplex 
semibaccata, they held their own. The total difference found was .75 
pound. 


The Proteins 


The coefficient of digestion of the proteins in this Australian 
saltbush hay, even with sheep No. 1 which did not take kindly to the 
fodder and made some trouble thru the feeding period, refusing to 
eat the leaves and behaving itself more or less badly, was high, 79.74 
percent, and in the case of the other two sheep, it was 84.52 and 84.78 
percent respectively. 


COEFFICIENTS OF DIGESTION FOR THE PROTEINS IN THE RESPECTIVE 
EXTRACTS AS GIVEN BY SHEEP NO. 1 


Fed Orts Consumed Voided Digested Coefficient 
Eighty percent alcohol...............592.25 401.37 190.88 13.50 177.35 92.91 
Cold water 49,92 45.09 4.83 18.41 -13.28 2.00 
EiGtewarer Sid) Iii. 2 osewees eee 2U) 45.65 “lr ict) 0 caos ces 2.00 2.00 
One percent hydrochloric 
rch 10 EE See she a ie oe a le 219.75 116.87 102.88 aurea 102.80 100.00 
One percent sodic hydrate.........421.98 277.56 144.42 49.41 95.01 65.77 
IES OSL CUYS Comes ere etree tree ete ane coaeetaanceeuastues OO. UU) 16.96 9.09 9.08 none 
452.99 375.2 82.82 


- The nitrogen in the fodder that is soluble in 80 percent alcohol 
is highly digestible and that soluble in the 1 percent hydrochloric acid 
is even more so and the quantities extracted by these solvents are 
large. The quantity soluble in 1 percent sodic hydrate is larger than 
that soluble in hydrochloric acid and is also quite digestible but less 
so than the hydrochloric acid soluble. 
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The Urine 


The protein (Nx6.25) found in the feces is assumed to be con- 
tained in undigested residues of the fodder and is usually only about 
35 percent or less of that eaten. The amount voided in the urine 
becomes a measure of the use made by the animal of the protein 
digested, the extent to which it is changed and used up so far as the 
system is capable of using it. When the nitrogen compounds have 
reached this stage, they are eliminated. In the case of the native, 
silvery saltbush hay the animals consumed and digested almost as 
much protein (Nx6.25) as when they were fed on alfalfa hay; the 
proteins consumed in the former case were 1651 grams by the 3 sheep 
in 5 days; in the latter 1813, a difference of 162 grams. It happened 
that the same sheep were used in the two series of experiments so 
there was no allowance to be made for the individualities of the sheep. 
Those fed the saltbush digested 1095 grams of proteins, and those fed 
alfalfa, 1318 grams, a difference of 223 grams in favor of the alfalfa. 
While eating the saltbush, they drank a great deal of water and urinat- 
ed freely. This was not examined nor even measured. The difference 
between the results of these two experiments was 17.5 pounds of flesh. 
Those fed on saltbush hay lost 8.5 pounds and those fed alfalfa gained 
9 pounds. The sheep feeding on the saltbush hay did not appear to 
suffer any inconvenience but ate well and were contented. The only 
unusual features were excessive thirst and free urination. What pro- 
duced the thirst and urination we do not know. The amount of ash 
constituents digested was larger in the case of the saltbush by 1524 
grams than in the ease of the alfalfa. What effect this may have had 
either in inciting the urination or in provoking thirst, I do not know. 


The composition of the two ashes is quite similar. The coefficient 
of digestion is higher for that in the saltbush, 71.6 against 57.7 
percent in-the alfalfa. The principal difference in the composition is 
in the amount of carbonates in the prepared or carbonated ash. Potas- 
sium salts are very freshly taken up by the system, more largely so 
from the saltbush than from the alfalfa. These questions were not 
entered on beyond the analyses of the ash of the respective hays and 
dungs. 

In the case of the Australian saltbush, we collected the urine and 
determined the amount of nitrogen eliminated during the period of 
the experiments. We shall multiply the amount found by 6.25 as tho 
we were dealing with proteins and this will, I think, serve our purpose, 
We fed a certain amount of nitrogen which we multiplied by 6.25 
and of this a certain amount was taken up by the animal during 5 
days. During the same time, it eliminates a given amount which we 
likewise multiply by 6.25 and the difference gives us the amount 
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changed in the animal’s system. The animal itself is either gaining 
or losing weight and possibly doing neither, when we are just main- 
taining its condition. In this case the animal is building up out of 
the fodder eaten just as fast as the life processes are tearing them 
down. These processes are just in balance and the ration is a main- 
taining one for the time, at least, over which our observations extend. 
Our coefficients of digestion are based on such results. 


These results are not adequate to answer the further question: 
Are the fodders sufficient to, maintain the animal in normal health 
over a greater time without the aid of something else? We have 
ealled attention to the marked insufficiency of some fodders to main- 
tain the weight of the sheep even for the short period of 5 days, i. e., 
the native saltbush and the sorghum, while timothy hay scarcely 
more than maintained the animals, but native hay, corn fodder and 
especially alfalfa hay enabled the animals to take on weight. Ths 
first pair of fodders constituted a veritable starvation diet; the 
second maintained the animals with a very slightly favorable margin ; 
the third group was increasing the weight of the animals. We have 
suggested that the composition and coefficients of digestion were 
not adequate to explain these differences, but we did not examin 
the urine to see what was becoming of the nitrogen and the heat 
energy that was digested. We did determine the heat energy ingested 
and the amount taken up by the animal, i. e., digested, but made no 
attempt to determine how much was voided in the respiration and 
urine or otherwise escaped. We could not even attempt to ascertain 
this fraction but the animals were protected from the weather and 
wore good fleeces of wool so they were not unduly cooled by unfavor- 
able weather conditions. 


The urine voided by sheep No. 1 for which alone we have so: far 
given our data voided during the 5 days the folldwing quantities : 


PROTEIN EQUIVALENT TO NITROGEN IN URINE OF SHEEP NO. 1 
VOIDED IN 5 DAYS 


Grams Percent Grams 

Voided Nitrogen Protein 
First Seo ee sane nasdhos sn00e ee oa 222-.1023.0 1.335 88.50 
ES PLO AG Wal ob ge eee pt ae 8 ay Mi eee ee esate . 718.5 1.512 67.95 
AD 10 thio Rt bag eee eee epee neers Se aero rT Yagecegicecate 1150.9 1.287 92.58 
Toto 2 fry 98 009 Be ini Se nee seer cer pee errr Poem Py ere ere eer Pant des) 1.180 94.00 
BEGth Gays: ae PCy eee EEE TEE SeeePie dade eee A oD) 1.058 102.36 
Total voided ...... Sn Ace nee PER PEP PR 440.29 
SOCAL MULLS CSLCO) Peaccecstedecronsenestarsencassoasaneesaitwecn wees 358.76 
AE CRS Se Wi OLLC O nccaxntncaeoasendcracaraneanansnd zeae aaccyuaay P 81.53 


According to this there was a loss of proteins greater by about 
81.53 grams than the amount taken up from the fodder consumed 
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or 358.76 grams. Our record shows that this sheep gained .25 pound. 
The total difference is essentially .5 pound. According to our weigh- 
ings, the animal gained .25 pound but according to our analyses, it 
should have lost .25 pound. This is on the assumption that the loss 
and gain depended wholly upon the proteins digested and voided and 
that the nitrogen voided in the urine is exactly equivalent to the same 
nitrogen digested by the animal. These quantities, the nitrogen 
digested by the animal and that in the urine, are so nearly equal and 
the weight of the animal before and after the experiment is so nearly 
the same that the conclusion to be drawn is that we were simply 
maintaining the animal under the conditions of the experiment which 
were favorable. This was the result obtained in an earlier experiment 
with old sheep, i. e., they maintained their weight when fed green 
Australian saltbush for a period of 3 weeks and not for only 5 days 
as in this experiment. 


The preceding statements are based upon the coefficients of 
digestion obtained experimentally and on the assumption that the 
proteins are important compounds in the fodder, which may not 
be correct. There are, however, other relations which we may adopt 
and which give us another measure, 1. e., the heat produced when the 
fodder is completely burned, compared with that of the feces. We 
may even go farther and ascertain the value of the respective extracts 
of the hay and the feces and in this way ascertain how much energy 
the fodder yields to the animal’s system. We can also ascertain the 
amount of heat or energy that escapes from the animal as urine. The 
amount lost from the body to the air and as water vapor we could 
not determine. Other experimenters have determined this not for 
our fodder, however, but for other fodders. 


We have tried to work out our problem in this regard as far 
as we could and present the results. 


We designated the ascertainment of the amount of soluble matter 
yielded to various solvents by the hay, orts and dung as a proximate 
analysis in Bulletin 124 and shall use the same designation here. 


PROXIMATE ANALYSIS OF AUSTRALIAN SALTBUSH HAY, ORTS AND 
DUNG OF SHEEP NO. 1 FED ON IT. 


Hay Orts Dung 


PKU NEY cin) STING, GON) a pre ercey copveeae eee ope ny ee 30.958 32.098 15,081 


Soluble in cold water 


i DUS WEG OF rae narcseeegecea tues este tee 11.695 12.830 5.980 
Solublesinshotewatere sane 4.452 7.310 3.780 
Soluble in 1% hydrochloric acid 19.075 16.633 28.167 
Soluble in 1% sodie hydrate 


eeeseea east eaeacuthevecn dee picc oe eee ee A 14.4382 15.47 
Soluble in chlorin, ete. _...... ee 3,622 ee 


Cellulose 13.075 21.789 


100.000 100.000 100.000 
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HEAT VALUES OF ONE GRAM OF BXTRACT OF SALTBUSH, A. semibaccata, 
HAY, ORTS AND DUNG GIVEN IN SMALL CALORIES. 


Hay Orts Dung 
PANG OI Cue TER CU pet = eee crit ne a mene nen ene OB LO4 3793 4753 
OLGP WEEE CRE TA CE meee rete ean a ee te 5 2773 3193 
3839 
LOE WALOT. (ObCewOXDRA CE ccc t re ceeeerne ae ee 1846 3106 
One percent hydrochloric acid . ni 2834 2914 
One percent sodicy hydrates. .42 eee 5079 4281 5039 
ChlGrins Ole Tex Era by oe es ee 5167 5083 6014 
CETL ETTORE Se pe a er Le eee ne 3876 8892 8986 
Coefficients of digestion for the Heat Values 
Heat Units Heat Units Heat Units 
consumed voided appropriated Coefficients 
ETON (ec BSR scotch i SP cope any see 10,082,149 4,621,674 5,460,470 54.15 
Eighty percent alcohol _.......... 1,646,895 817,516 829,379 50.36 
GCald “water. as 1,352,170 217,124 1,135,046 83.97 
PRO’ WGC Ao cs ate teens Negative* 
One percent hydrochloric 
CIC eee ee 1,479,147 935.394 548,753 36.71 
One percent sodic hydrate .... 4,058,809 891,933 3,161,906 78.00 
CS Gra OG Cag pee 526,277 667,544 WAU 28S3 accesses 
ST ET UG Se ceo eer 1,475,486 992,214 482,923 32.74 


*This means that the orts contained more than the fodder fed. 


The total urine voided by this animal in the 5 days of the experi- 
ment weighed 5706.9 grams. The heat value of this urine varied a 
little with the volume so we give the sum of the heat values found 
for the daily voidings which was 764,958 calories. 


The heat appropriated by the animal from the whole hay was 
5,460,470 calories. The urine voided was 764,958. This leaves 
4,695,512 calories to be accounted for by the respiration and body 
losses of the animal, because there was no material gain in weight. 


Heat Appropriated 


The percentage of the total heat value appropriated by the 
animal, the coefficient of digestion, was, according to the results 
obtained by calculating this on the whole hay used, 54.15 percent. 
The amount indicated by the average of the positive results obtained 
with the different extracts of the fodder is 56.33 percent, as close an 
agreement as the method justifies us in expecting. 


The results so far given were obtained with sheep No. 1, to which 
the fodder was not very acceptable, especially the leaves. Further, 
the animal showed signs of restlessness by butting the water container 
and otherwise. However seriously these facts may have modified our 
results, they are not bad; the animal actually gained a little flesh, 
not much, it is true, but enough to show positively that it did not 
lose in this time. 
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It should be kept in mind that our object is simply to ascertain 
whether this fodder is of sufficiently high quality to support animals 
for a reasonable period and not to ascertain its effect upon the growth 
and health of the animal if fed exclusively for a long period, when 
it might prove unable td maintain the normal health and functions of 
the animal. This is a question beyond our purpose and is a test in 
which many fodders considered good would fail to give favorable 
results. Only a few if any fodders when fed exclusively constitute 
a perfect ration. ' 


In this connection, we recall the fact that the exigencies of the 
dry farmer are so pressing that sand grass and Russian Thistle are 
sometimes made into hay and the sorghum referred to in this and in 
Bulletin 135 was grown for this purpose. 


RESULTS OBTAINED WITH SHEEP No. 2 


Reference to page 10 will show that the coefficients of diges- 
tion of the whole fodder obtained in the case of sheep No. 2 and No. 
3 are somewhat different from those obtained with sheep No. 1 and 
are higher thruout. That for the dry matter of the hay is 60.87, ash 
62.00, fat 34.70, protein 84.52, crude 27.31, and nitrogen-free ex- 
tract 63.41. The coefficients for fat and crude fibre are low tho they 
are higher than those obtained in the case of sheep No. 1. The por- 
tion designated crude fibre from different plants shows different co- 
efficients of digestion and apparently is far more important than is 
usually indicated in the literature of feeding. The coefficient for the 
proteins is high in each of the three cases. 


COEFFICIENTS OF DIGESTION FOUND FOR THE EXTRACTS. 


Coeffi- 

Fed Orts Consumed Voided Digested cient 

Highty percent alcohol ............... 2457.5 660.8 1796.7 361.4 1485.3 79.8 
Coldmiwaite rae stereo : a 8 .¢ 226.6 FOL.T 136.3 565.1 80.5 
Hot water and malt 128.7 255.2 90.8 164.4 64.4 
One percent hydrochloric acid...... 1514.2 429.0 1085.2 643.6 441.6 40.7 
One percent sodie hydrate............ 1228.9 301.4 927.5 312.7 614.8 62.3 
Chlorin 78.7 230.6 216.3 14.3 6.2 
Cellulose 298.3 848.1 aes 330.6 37.8 


The crude fibre usually given in a fodder analysis corresponds 
to the last two portions in this table. The results agree with the pre- 
ceding one for this portion in showing that its digestibility is low and 
that the portion digested belongs to the cellulose proper and not to 
the lignones which we aimed to remove by treatment with chlorin and 
subsequently with sodie hydrate and sulfurous acid. 


We have already explained the significance of sugars in these 
anaiyses ; that they correspond to certain carbohydrates from which 
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they are derived. The only ready-formed sugars are the glucose and 
sucrose. The gums and starch exist in the fodder as such and are 
readily available carbohydrates. The portion designated as xylan 
means a form of sugar derived from the hemicelluloses by the action 
of hydrochloric acid and sodie hydrate used in succession. These re- 
sults are probably not derived from the identical carbohydrates in dif- 
ferent fodders. Most fodders, on being boiled with hydrochloric acid, 
yield the whole of this sugar that it is capable of yielding but not 
with equal readiness. A portion of the fodders resists the action of 
our solvents, even the most active ones, in the form of cellulose, a 
carbohydrate as well as the compounds from which the sugars given 
are derived, but this is not wholly indigestible tho it has resisted all 
solvents. It is the last residue. 


Sugars Digested by Sheep No. 2. 


Coeffi- 
Fed Orts Consumed Voided Digested cient 
SIO COSC ois soe ee 100.8 26.2 74.6 None 74.6 100.0 
NHOTORG ys Sea eee 170.6 36.7 133.9 7.8 126.1 94.2 
ESV a pr, ta i Se pepe Bens neh cate aren ae ae rere 35.7 10.2 25.5 Bell 20.4 80.0 
SIRT Nal! Ag Lee edeen tgp eh, pete oa tS ae ey 41.3 12.2 29.1 None 29.1 100.0 
Xylan, hydrochloric acid .- 378.6 92.8 285.8 176.5 109.3 38.2 
Xylan, sodic hydrate -.._.... 55.6 16.1 39.5 32.0 7.5 19.0 
(BLOC ire eee Se eee AE a ee a 
eTWI GRE. ces se ee ees 1146.3 299.0 SA7.3 538.7 308.6 36.4 
Furfural Digested by Sheep No. 2. 
Coeffi- 
Fed Orts Consumed Voided Digested cient 
Whole todder .2.5...5.- epee, . AG 18.6 94.5 52.8 41.7 44.1 
Soluble in: 
ATCOHOI soe eee | L809 49.6 140.3 16.7 123.6 87.9 
Sold) SwyAler pe ee 36.6 Little 36.6 Little 36.6 100.0 
ETO WAL CIs eee 137.8 56.4 81.4 62.7 18.7 23.0 
Hydrochloric acid .... = 155.9 25.6 130.3 65.3 65.0 49.8 
Sodie hydrate .............. keosateess? 34.8 6.6 28.2 18.8 9.4 33.3 
Gnioriy 2... Se Re ete sa 59.5 19.9 39.6 30.1 9.5 24.0 
(GPT Ha (lope Re a cere ee ee on, are nape Ae 727.6 176.7 50.9 246.4 304.5 55.3 
Proteins in Extracts Digested by Sheep No. 2. 
Coeffi- 
Fed Orts Consumed Voided Digested cient 
Whole fodder ........ roe a eae oo 1628.3 434.0 1194.3 186.2 1008.1 84.6 
Soluble in: 
I MEQ) Oe Bene ee basses oe 44,6 156.8 557.8 30.7 527.1 94.4 
CPU ly cfs eh cd a eae ere See ee 60.3 24.1 36.2 18.2 18.0 49.7 
ELOE Water "csc caae er a 47.3 27.8 19.5 12.4 {fel! 36.6 
Hydrochloric acid ....... ee (A.0 201.2 40.2 161.0 80.0 
Sodic WyGraler eee oat) ORE 147.9 361.1 62.3 298.8 82.7 
thea C3 Gig ha Coreg myeen Weare eo pe 
Gellnlos@e ee cece ee eee : oe 31.4 9.5 21.9 18.4 8.5 16.2 
1202.7 1020.5 $4.9 


The amount of proteins digested by the sheep in 5 days was 
1020.5 grams. The sheep gained 340.2 grams during this time. The 
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ration was doing a little better than maintaining the animal. Sup- 
posing the gain of 340.2 grams to have been good edible mutton with 
50 percent water and 15.5 percent protein in the dry matter, there 
would have been 26.4 grams of protein in it. The sheep digested 
1020.5 grams of proteins and we here account for 26.4 grams, leaving 
994.4 grams not accounted for. The urine contained nitrogen equiva- 
lent to 886.0 grams of proteins leaving a difference of 108.1 grams. 


The statement is given in the following table. 


Urine voided by Sheep No. 2 in 5 days. 


Volume Percent 
in ce. Sp. Gr. Grams Protein Protein 
IPS) Lays cccesccepecees-e- eee .-... 2940 1,0359 3045.5 5.3L 174.5 
Second day . 2930 1.0370 3038.5 4.688 142.7 
Third day 3219 1.0340 3327.7 5.062 168.4 
OUTtny Qiy ie eee eo os 3730 1.0340 3856.8 5.790 293.3 
a ENTE RL OUR G02 cece eee ere ees ni reed a ee epee 3740 1.0340 3867.2 4.581 aly real 
Total nitrogen voided calculated as protein 866.0 


Tf our determinations are correct there was a small daily loss of 
nitrogen which was more than offset by gains of some sort, about 
four times more gain, than nitrogen lost, but the loss was small and 
the final result was a slight gain in the weight of the animal. 


Using the total hay fed, orts left and dung voided and determin- 
ing the heat values, we find that the sheep actually appropriated 
56.65 percent of it. 


In the following table we have subtracted the value of the orts 
from that of the hay fed and given the difference under the caption of 
‘“consumed.”’ 


Heat units, small calories, taken up by Sheep No. 2 from the various extracts. 


Coeffi- 

Consumed Voided Digested ecient 

AWalto le sii diy geese cree f eeens eee ae 21,095,910 9,144,800 11,951,110 56.6 
Soluble ih: 

Highty percent alcohol ..........:......... 6,201,871 1,824,709 4,377,162 70.57 
COL Citaayyalb C1 meee eee 2,774,043 337,479 2,436,564 87.81 
TLO Ge wabereaid malty eres 439,310 191,043 248,267 56.51 
One percent hydrochloric acid ......... 3,135,414 1,720,986 1,414,428 45.11 
One percent sodic hydrate ............... 4,604,981 1,629,480 2,975,501 64.76 
COlmNonisbel, ARG, eevee eee eee .. 1,234,244 1,207,603 26,641 2.16 
Wel Oi ees ener ey ee ee 3,080,121 2,201,963 393,000 SU 


The coefficients are carried out to the second decimal place ; 
this may seem a useless refinement but even so if the amount con- 
sumed be multiplied by the coefficient the product will not be exactly 
equal to the amount digested for every .001 percent added or rejected 
is equivalent to 10 units per million. 


This table of heat units appropriated gives us a pretty clear idea 
of the relative values of the different extracts. The aleoholic ex- 
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tract of the Australian saltbush furnishes by far more heat than any 
other extract. The sodic hydrate, cold water and hydrochloric acid 
follow in order. The residual cellulose is only a little behind the hy- 
drochlorie acid extract in value but its coefficient of digestion is 
lower. 


This animal voided a total of 17,135.7 grams of urine which had 
an average value or 88.9 calories per gram or a total of 1,523,364 
calories. If we add to this the calories necessary to heat this urine to 
body temperature, we will account for 370,131 more calories. The 
further unaccounted-for losses are the heat of all other discharges and 
the cooling of the body. 


The heat values of these extracts are very different and those 
of the dungs are different from the corresponding ones of the hay, 
but the preceding table gives the values as used by the animal, the 
result that we wish to present. 


REsuuTS OBTAINED WitH SHEEP No. 3 


Coefficients of Digestion found for the Extracts. 
Extracts soluble in: 


Coeffi- 
Consumed Voided Digested cient 
Bighty percent alcohol....................- uss asapseststat 1633.7 347.3 1286.4 78.7 
LPO Ys ila (C2 eg uke ea eee Dee eee Pan ae PO AS en 6387.9 141.6 496.5 78.8 
Hiotiwatervand maltese eS eee 234.0 59.5 174.5 74.6 
One percent hydrochloric acid 954.3 664.5, 289.8 30.4 
One percent sodic hydrate .... . 840.0 280.0 560.0 66.7 
@nlorin; ete, 2.57 = 218.8 190.8 28.0 12.8 
CNG BC ene ene ee eee eee COLL 446.9 3844.4 43.5 
Coefficients of Digestion found for the Sugars. 
Coeffi- 
Consumed Voided Digested cient 
AEN SSO pia cr ae sao sess Saw we acta eve RS cece ah GAS) eens G19 0.0 71.9 100.0 
SSTICTOSC eons seeeseere se rere, 1196 8.5 fa baa 92.8 
Gums x 21.9 9.0 12.9 58.9 
Rev latt, YOAV OeCWLOTIC ACL eens UGE 163.8 96.8 Raye 
Xylan, sodic hydrate ...._.. witless: 37.5 22.4 15.1 40.2 
CO} UK op wa tein CE ee ee me Sam ea EPO ER oe ee 
GLIMIOS CO) ete cccaevtccvectercrencacaceo can escerreerte 792.1 447.1 345.0 43.6 
Coefficients of Digestion found for Furfural. 
Coeffi- 
Consumed Voided Digested cient 
A Ah C5} Vea at iy ete eee Speen eae pene 520.4 200.6, 319.8 61.5 
Extracts soluble in: 
KM SHEY. percent. ALCOMOM 222. acc cecccacs--ndassncnassaaseede 84.3 14.4 69.9 82.9 
(B05 Vo liom ish rs) ak ee ee is Spe Pre aoe er ene ; 
FT OG yy WOES UTC PINK AU ia stewceaceesensseoeoeaeeeseecuaevenseeemnanse Uiees: 6.7 166.5 96.0 
One percent hydrochloric acid ........ seaicgbe 87.8 Gal 10.1 11.5 
One percent sodic hydrate =). =...) 109.1 58.5 50.1 46.4 
COpaiKaniahate MSR py ase een oper eceer cerca ep tr Seo rye ; 25.0 18.8 6.2 248 
GelInLoOne Ory TESLOWC rescence eoecesccieatecsanpscrnomneas 40.6 23.9 16.7 41.1 


520.0 320.0 61.5 
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Coefficients of Digestion for Proteins, found for Sheep No. 3. 
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Coeffi- 
Consumed Voided Digested cient 
PAVE Le We EL ay ae Seen ee ee ee eee 1082.6 168.4 914.2 84.4 
Soluble in: 
Bighty percent Alcohol —.......----..---.---- seo 486.8 36.3 450.5 92.7 
(QUOI) SGOT sep eters cece rere eee cence 40.1 19.6 20.5 sala 
TBUG NH nyeweeve eMOKCL TOOCNNE pe nee ere eee 18.2 6.2 eal 66.2 
One percent hydrochloric acid eS 191.8 29. 162.7 84.8 
One percent sodic hydrate ............. Beecst totes eyes 327.3 60.8 266.5 81.4 
(OUMNH ATOR, (CLR eee sseceecca ne eeeeeerceecbecre nen, creteaeso 
(OS GSIT Vat.) oe acest eee ees ee ec ae ne ee ee eee 19.4 16.1 By) 17.0 
1083.6 915.6 84.5 
Proteins equivalent to Nitrogen Bliminated in Urine. 
Percent 
ec voided Sp. Gr. Grams Proteins Amount 
First day 2055 1.044 2140.5 5.856 125.6 
Second day 2310 1.047 2418.5 6.281 151.9 
Third day 2360 1.046 2368.5 5.968 147.3 
TENN OY UNS Ag ce ceeetncere cee erer cere cence een 2740 1.042 2855.0 6.788 193.8 
| Eran eG BE 0 eee ee ee errr PCCP 2620 1.043 2732.6 5.956 162.7 
Proteins equivalent to nitrogen yoided ieiles 


The amount digested was 915.6 grams. 


.3 pound. The animal lost .25 pound. 


We have a difference of 
134.3 grams which in this statement would appear as gain, essentially 


The temperature of the animal 


and the processes of hfe were maintained with this slight difference in 


the proteins concerned. 


Heat units, small calories, taken up from the various extracts by Sheep No. 3. 


Coeffi- 
Consumed Voided Digested cient 
Extracts soluble in: 

RYVslv@ Lee WED B97 Were ree Pee ee corner ee ee 19,199,736 8,376,961 10,822,775 56.4 
Bighty percent. alcohol sys. 5,541,344 1,739,626 3,801,718 68.6 
Cold water 2,699,223 474,502 2,224,721 82.4 
ETO Gaiyalb eres Il eiialel lice eee ee eee 301.700 97,432 204,268 85.2 
One percent hydrochloric acid .............. 2,834,601 1,821,394 1,013,207 35.7 
One percent sodiec hydrate ...... ee OSLO S14 1,441,720 3,729,094 2a 

Chlorine GC yee =e eee 1,041,668 1,070,709 None 
CTIA O's Gare ene eee ec. eer ee eee ee 8,154,425 1,856,997 1,297,428 41.1 


The sheep voided a total of 12,615 grams of urine which had an 


average calorific value of 92.9 calories giving a total or 1,171,933 eal- 

ories to which is to be added enough calories to heat 12,615 grams 

of urine from 15°C. which we may assume as the temperature of the 

water drunk, to the temperature at which it was voided, approximately 

ee a calories, the loss with other discharges and the cooling of the 
ody. 
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Importance of Proteins 


While it is evident that too much stress should not be placed on 
the so-ealled proteins (Nx6.25), it is customary to give these the first 
place in importance. It is convenient, at least, to exhibit the relations 
of these in our fodders, and we will choose that one which is accepted 
as our very best for comparisons. Of course all of our other fodders 
must fall below it in its general value but not necessarily in all of 
their constituents. 


In Colorado Experiment Station Bulletin 128, 1907, we present al- 
falfa and one of our native saltbushes, Atriplex argentia. The alfalfa 
hay used in the experiments given carried 15 percent proteins and 
the saltbush 9.7 percent. Three sheep fed on alfalfa hay consumed 
1817 grams of proteins and digested 1328 grams. The same sheep 
fed on native saltbush hay consumed 1646 grams and digested 1099. 
Of the 1328 grams proteins digested when fed alfalfa, 508 grams were 
soluble in 80 percent alcohol and cold water. Of 1099 grams digested 
when fed native saltbush hay, 553 grams were soluble in aleohol and 
cold water. 


It may be stated in this connection that, owing to the small 
amount of extract obtained on treating a hay, alfalfa for instance, with 
cold water after previous extraction with 80 percent alcohol, a portion 
of alfalfa hay was extracted with cold water for 24 hours. In this 
time the water dissolved out, or better, the hay lost 40 percent of its 
weight. The inference was that cold water alone would remove prac- 
tically as much from the hay as 80 percent alcohol and water used in 
succession. The hay treated in the course of our analysis, yielded in 
round figures 37 against 40 percent dissolved by the cold water in 24 
hours. 


In making alfalfa hay, it is a common practice to rake it into 
windrows as soon as it has wilted a little. This is done primarily to 
avoid loss of leaves and prevent breaking off more stems than can be 
avoided. Sometimes, however, changes in the weather bring about the 
wetting of the hay while it is in the swath, when a comparatively lhght 
rain will wash the hay badly and it does not require a heavy rain to 
wet it and injure it, even when it is bunched. The figure just given, 
40 percent washed out of air-dried hay in 24 hours, suggests the pos- 
sible extent of the damage. 


The Hydrochloric Acid and Sodic Hydrate Extracts Persistent 


The presentation of the relative value of these extracts shows that 
there is still a good deal of value left corresponding to the hydro- 
chloric acid and sodie hydrate extracts which are less readily at- 
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tacked, but what the effects of fermentative action may be we do not 
know. It probably increases the action of moisture greatly. These 
are the three important portions of the hay. 


The total amount of hay eaten was 12365 grams; of these 4482 
were soluble in water or alcohol and water and 3611 grams were in- 
soluble in aleohol and water, but soluble by successive treatments 
with 1 percent hydrochloric acid and 1 percent sodic hydrate. The 
portion soluble in alcohol and water (we actually used these two sol- 
vents but it seems from the result of our experiment that water alone 
would have dissolved as much) is roughly one-quarter more than that 
dissolved by the hydrochloric acid and sodic hydrate used in suc- 
cession after the water extraction. This portion soluble in water is 
not only greater in quantity but has a higher coefficient of digestion. 
The proteins (Nx6.25) carried by the alcohol and water were 662 
against 976 grams in the hydrochloric acid and sodic hydrate together. 
Their coefficient of digestion was about the same, not far from 80 
jMencenmit: 


Heat Units Removed by Successive Treatments 


If we take the heat units removed from the hay, we have for al- 
eohol and water 1550 ealories per gram of hay and 1367 for the 
hydrochloric acid and sodie hydrate. Whichever way we choose to 
consider it, the alecohohe and aqueous extracts taken together consti- 
tute the most valuable portion of the hay and are equal to about 40 
percent of its total value. 


We have not studied the effects of rain on hays to any greater 
extent than herein indicated, except that we have analyzed alfalfa hay 
that had been damaged by rain. We have, however, studied the ef- 
fects of rain upon the composition of the wheat plant quite extensive- 
ly and found that the effects werd very great. 


The general impression of the damage done to alfalfa hay due to 
its getting wet, either in swath, windrow or cock is fully justified. 
The fact that the composition of the wheat plant, and with it the 
wheat or grain, is greatly affected by wet weather, justifies us in in- 
ferring that the alfalfa and other forage plants are susceptible to the 
same action. 


This is an interesting subject and very important for our farmers. 
Wetting the ground in irrigating the crops produces an entirely dif- 
ferent effect from drenching rains upon the plants even when stand- 
ing and in a growing condition. When the plant is eut and lying in 
swath, it simply loses a big portion of its value. Alfalfa hay has 
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approximately one-half of its value washed out. Even wheat straw 
and also the grain give up a good deal to water. 


The relation between the original value and these losses is given 
approximately by the extracts and their composition and thermal 
values. 


I shall forego further suggestions that present themselves as of 
possible interest and state succinetly a few important facts in the way 
of a review. 


BrinF SUMMARY 


We grew the Australian saltbush for eight suecessive seasons. It 
was planted on undesirable land for two seasons and grew satisfac- 
torily. On better land, it produced plants 7 feet in diameter but much 
larger plants are mentioned in the California publications. 


Its composition apparently varies with character of soil, both 
in its nitrogen content and in the amount and composition of its ash. 
The chlorin may be quite high or moderately low. 


With us it had a good supply of water but it is asserted that it 
does well with only a small amount of water, 4.7 inches. 


With us it is an annual but seeds itself freely. Its growth is 
prone but good yields of hay can be gathered. The plants were cut 
and cured with more care than could be given the hay on a large 
seale. 


The plants were fed green to a horse and to three sheep. The 
animals all did well, apparently suffered no inconveniences or at most 
of a very temporary nature. The sheep maintained their weight for 
3 weeks. - 


Digestion experiments were made also with three sheep, younger 
animals than the preceding ones. These also maintained their weight 
for the period of observation. The coefficients of digestion found 
are given in the preceding pages. There has been developed no ob- 
jectionable features in it as a fodder; the one most seriously so is that 
none of the animals that we weighed made more than sheht gains. 
All experiments were made under favorable conditions. 
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SOME COLORADO TAX PROBLEMS 


Farm taxation studies in Colorado were proposed 
during the autumn of 1925. As a result of several con- 
ferences on this subject, the Division of Agricultural F1- 
nance, Bureau of Agricultural Eeonomies, United States 
Department of Agriculture, and the Department of Eeo- 

-nomices and Sociology, under the direction of the Colo- 
rado Experiment Station, developed a plan for immed- 
iate consideration and began a cooperative study of tax- 
ation as related to the agricultural industry of Colorado. 

This cooperative agreement became effective Decem- 
ber 1, 1925. Our objective was to ascertain the present 
status of farm taxation in Colorado and the total burden 
of farm taxes for selected years; also to determine 
whether a revision of existing tax laws might not lead to 
a more equitable distribution of the tax load. 

This bulletin includes a discussion of a part of the 
material which has been assembled as a result of the 
joint efforts of these two departments. It is hoped 
that this presentation may create a new interest in the 
study of public finance and that it may lead to con- 
structive and intelligent effort in the improvement of 
present-day methods of securing and expending public 
revenue. 


The immediate purpose of this bulletin is to supply to the farm- 
ers of Colorado information concerning the operation of their tax 
system. In order to furnish the necessary material for a general un- 
derstanding and appraisal of the system, it has been thought neces- 
sary to lay chief emphasis on three subjects: (1) The relations be- 
tween the income and taxation of various types of property; (2) 
the assessment of taxable property ; and (3) an analysis of the receipts 
and expenditures of the various governmental units of the state. A 
brief explanation will show the interrelations of these three subjects. 

The general property tax accounts for the bulk of the taxes col- 
lected from agriculture. For this reason the first two sections of this 
report will be concerned mainly with the general property tax. The 
third section will describe the receipts from all taxes and will show 
the amounts of taxes spent by the various governmental units. 

A discussion of the burden of taxation is appropriate as the open- 
ing section of the report because of the wide interest in the subject of 
tax burdens, and because of the importance of the subject in any 


The authors desire to give due credit to Mrs. Thelma M. Penn and Mrs. Martha 
M. Adams for their careful work in making computations and in setting up many 
of the tables which have been used in this bulletin. 
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discussion of the effects of taxation. The chief data presented con- 
cern agriculture, altho an attempt 1s made to present comparable 
figures indicating the approximate tax burden of other industries 
and other types of property. 

With an idea of the relative burdens of taxation in Colorado in 
mind, it becomes desirable to examine the reasons why taxes are at 
their present level. So far as the general property tax is concerned 
two factors determine the amount that an individual piece of prop- 
erty must pay: (1) Its assessed value, and (2) the tax rate. The 
second part of the report, therefore, proceeds to examine first the 
basis of the assessment system and the results of its operation, partic- 
ularly in the rural sections of the state. Then the actual receipts 
of the state and local units are analyzed in order to show the amounts 
that have been collected by various means, particularly by the gen- 
eral property tax. Finally the expenditures of the various units are 
examined with especial attention being given to those that relate to 
agriculture and to those of the local units that are primarily agri- 
cultural. 

On the basis of the examination of tax burdens in the state, of 
the assessment process by which these burdens are distributed over 
the various types of property, and of the actual tax receipts and ex- 
penditures, a tentative appraisal of the tax system of the state so 
far as it relates to agriculture is reached. The analysis indicates 
certain methods by which an improved system may be obtained. It 
also points the way to several additional lines of research that need 
attention before anything that approaches a final appraisal of the 
state’s tax system can be made. 


I. INCOME AND TAXATION OF COLORADO FARMS 


Income is generally considered the best single test. of ability to 
pay taxes. From income must come tax payments unless capital is to 
be levied on and diminished. A comparison, therefore, of the amount 
of income taken by taxes levied in various years and on various types 
of property gives much information that will help to determine the 
effects and fairness of a tax system. In this chapter, the results of 
studies of farm income and taxation made in Colorado will be des- 
eribed and compared with results of similar studies in other states. 
They will also be compared with the figures that are available relat- 
ing to the taxation of types of property other than agricultural. From 
the material that can be gathered, an estimate of the relative burden 
of taxation in Colorado will be prepared. 

Data concerning farm income and taxes have been secured from 
two sources. Questionnaires have been sent to owners of rented farm 
land in the state, requesting that they supply certain information 
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relating to the years 1919, 1923, 1925 and 1926. From these ques- 
tionnaires data which concern the state as a whole have been com- 
puted. In order to have more detailed information for certain im- 
portant agricultural areas, detailed field investigations have been 
made, and based on them it is possible to present an intensive pic- 
ture of conditions in certain sections. 


It will be noted that major emphasis is placed on the results 
of the studies of returns on rented land. It is possible definitely 
to compute the income that is properly attributable to land of this 
type. Such a computation cannot be made without certain arbitrary 
assumptions for land that is farmed by its owner. Income reported 
for such land ineludes return on the operator’s investment, and on 
his labor and his managerial ability, and it has been impossible satis- 
factorily to separate these types of income. In other words, the first 
portion of this farm-income and taxation study will be concerned with 
property income and a latter portion with personal income and prop- 
erty income combined. Rent in the first portion of the study will be 
used as a basis of the income figure, with which taxes on land and 
buildings will be compared. The rent figure reported on the question- 
naires has been changed to a net rent figure by the deduction of in- 
surance,’ depreciation on buildings and fences,’ cost of seed and other 
supplies furnished by the landlord, interest on the landlord’s in- 
vestment in livestock and machinery, and certain other deductions 
which appear fair in special cases. 


A comparison of the results of the questionnaires, which cover 
the years 1919, 1923, 1925 and 1926, and which are summarized in 
Table 1, shows that taxes took the greatest percentage of net rent— 
computed without deducting taxes—in 1923, when the average for 
414 farms was 37.8 percent. In 1925, reports from 568 farms showed 
that net rent *® had increased slightly and that taxes had decreased. 
Taxes in that year amounted to 33.2 percent of net rent. The follow- 
ing year brought a slight additional improvement in farm owners’ tax 
position. Reports from 304 farms indicate that taxes took 32.6 per- 
cent of net rent. These recent years should be compared with 1919, 
when reports from 282 farms indicate that taxes were 22.7 percent of 
net rent. Figure 1 presents this comparison in graphic form. It will 
be noticed that the improvement in the condition of the land owner 
in the two recent years has been due to a decrease in the tax per acre 
rather than to any increase in the income from land. 


1 Computed at 50 cents on a $100 valuation of buildings, the current rate for 
mutual farm fire insurance as computed by the U. S. Dept. of Agriculture. 


2 Computed at 3 percent and 8 percent, respectively. 


3 Net rent, when used in the following pages, should be understood as mean- 
ing net rent before deducting taxes. 
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TABLE 1.—General Property Taxes and Net Rent of Farms Reporting in Colorado, 
1919, 1923, 1925 and 1926. 


Acres Average Net rent Relation 

: Farms in size per acre Tax per of taxes 
Year report- farms of (before deduct- acre to net 
ing reporting farms ing taxes) rents 

Number Acres Acres Dollars Dollars Percent 
1919 282 88,832 315 2.64 0.60 22k 
1923 414 127,829 309 1.80 68 37.8 
1925 568 182,185 321 1.84 61 33.2 
1926 304 98,199 323 1.78 -58 32.6 


Average figures for a state the size of Colorado frequently fail 
to reveal conditions that affect only a portion of the state. In 
order to make the figures presented of greater local significance, 
they have been tabulated in groups of counties which comprise cer- 
tain of the agricultural regions of Colorado and the results included 
in Table A.t A further tabulation on the basis of individual counties 
would have been made if a sufficent number of returns had been 
secured. It is not believed, however, that the returns available are 
sufficient to represent properly all types of agriculture within many 
of the counties. Figures for certain districts into which intensive 
studies have been carried are on pages 17-18, infra. Within the dis- 
tricts*, indicated in Figure 2 and designated as Northern Colorado, 
the Plains, the Arkansas Valley, Southeastern Colorado and the West- 
ern Slope, it is believed that an adequate sample to indicate general 
trends of rent and taxation has been secured. Figure 3 compares 
taxes and net rents for the four years for which information is avail- 
able in each of the five regions. It is to be expected that the average 
amounts of rent and taxes per acre will vary in the different sections. 
For purposes of comparison the relationship between net rent and 
taxes is of more significance than the figures for either taken alone. 
Is a greater proportion of the net income from land taken by taxa- 
tion in one section of the state than in another? 


The answer to this question should indicate whether there are 
local conditions which need special study in order to bring tax 
equality among the different sections. This problem may be fully 
as important as a consideration of such inequalities as may exist be- 
tween agriculture and other industries. 


iIn order to make the reading of the report more easy for those who do not wish 
to examine all the tables, certain of the less important ones have been placed at 
the end. These are designated by letters. Table A appears on page 81. 


2The counties from which reports have been received in each of the districts 
follow: Northern Colorado—Adams, Boulder, Larimer, Logan, Morgan, Sedgwick 
and Weld; Plains—Arapahoe, Cheyenne, Elbert, Hl Paso, Kiowa, Kit Carson, Lincoln, 
Phillips, Washington and Yuma; Western Slope—Delta, Mesa and Montrose; Arkan- 
sas Valley—Bent, Crowley, Otero, Prowers and Pueblo; Southern Colorado—Baca, 
Huerfano and Las Animas. 
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Figure 3.—Relation of Taxes and Net Rent on Farms in Several Districts of 
Colorado, 1919, 1923, 1925, and 1926. The Arkansas Valley in 1919 reports the high- 
est net-rent per-acre figures, closely followed by the Western slope in 1925. Per- 
acre rents are consistently lowest in the Plains and Southeastern Colorado. 
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In 1919 the farms of the Plains, Southeastern Colorado, the West- 
ern Slope and the Arkansas Valley were in a better tax position as re- 
vealed by the percentage of net rent taken by taxes than farms in 
Northern Colorado. A condition of general uniformity for all the 
regions, except Southeastern Colorado which again was in a better 
condition than the others, is revealed by the results for 1923. In 
1925 the Western Slope and Southeastern Colorado show a distinctly 
better ratio than the other sections. In the following year Northern 
Colorado, the Arkansas Valley and the Western Slope, are in a more 
favorable tax condition than the other regions. While this review 
shows that the farms which reported from the Western Slope and 
from, Southeastern Colorado have paid a lower portion of their in- 
come in taxes than have those of the remaining sections from which 
reports have been received, the small number of farms which have 
reported from these two sections makes some caution necessary in 
drawing conclusions from the figures. 


In the Plains and Northern Colorado sections where the number 
of reports is adequate to present a fair sample, an important differ- 
ence is indicated. The ratio of taxes to net rent in Northern Colo- 
rado was high in the two early years covered by the study and rela- 
tively low in 1926. In the Plains section, the ratio was below the 
average for the state in 1919 and 1923. For the last two years cov- 
ered by the study, it was above the average for the state, running 
materially above it in 1926. 


It is of interest to trace the reasons for the change in ratios in 
each of these cases. Net rent in Northern Colorado, as in the rest 
of the state, was at its peak in 1919. It declined in the two following 
years for which figures are available, but in 1926 it increased until 
it approached its peak of 1919. 


Taxes, on the other hand, declined in each of the years which 
were studied since 1919. Net rent per acre was also at its high point 
in the Plains region in 1919. It declined in each of the years coy- 
ered since then, and, in 1926 was less than half of the 1919 figure. 
Taxes on the Plains farms increased from 1919 to 1923, dropped off 
shghtly in 1925, and the following year increased almost to the 
1923 level. 


While there are pronounced differences among the farming sec- 
tions of Colorado in the tax situation of land owners, there seems to 
be no single section which in each of the four years covered has been 
greatly worse than the other sections. It is not possible from the data 
presented to say that any section or sections need relief to the exclu- 
sion of the rest. If similar data could be presented for counties, it 
is believed that certain of them would be found in which the tax- 
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Figure 4.—Percentage of Property Earnings Taken by Taxes of Individual Rented 
Farms, Colorado as a Whole, Northern Colorado, and the Plains, 1926. Each bar in 
the Plains and Northern Colorado sections of the chart represents a single farm. 
Each one in the whole-state section represents three farms. Only farms reporting 
some income before paying taxes are included in the chart, This involved the omis- 
sion of 3 farms in Northern Colorado, 17 in the Plains, and 30 for the whole state as 
these farms reported a deficit before taxes. 


16 CoLoRADO EXPERIMENT STATION Bulletin 346 


payers have a more difficult time financing the necessities of govern- 
ment than in others. 

As has already been mentioned, the statistical data relating to 
incomes and taxes are not sufficiently numerous in more than a few 
scattered counties to make their presentation on a county basis feasi- 
ble. One fact relating to inequality is indicated by the figures that 
have been gathered. In those counties where income is extremely 
variable, the relationship between taxes and income will also tend to 
fluctuate sharply. In other words, taxes are a relatively fixed charge. 
For any particular year they are determined without reference to 
that year’s income. They have little direct relation to income in any 
year. This fact is most clearly appreciated in those years and regions 
where a drouth or other disaster has seriously affected agricultural 
income. In a state the size of Colorado, where conditions may vary 
greatly from one section to another, some equalization to take ac- 
count of such conditions should be possible. This subject will be re- 
verted to later, after more data on the subject of inequalities have 
been presented. 


It has been shown that certain variations in the ratio of taxes 
to rent exist between sections. Within any one section, however, the 
variations between individuals are far more striking than are the 
average variations between sections. The data from each farm report- 
ing in 1926 have been tabulated and the relation between taxes and 
income for each computed. Figure 4 shows this relationship 
for the 304 farms reporting. It will be seen that for half of these, 
farms taxes took 45 percent or less of net rent. Over a quarter paid 
25 percent or less of their net rent in taxes. Not quite three-fourths 
of the farms are included among those on which taxes took 100 per- 
cent or less of the net rent which was left before deducting taxes. 
In other words, over one-quarter of the farms reporting in 1926 
suffered a deficit after paying taxes. Thirty of the farms, or 10 per- 
cent of the total number reporting, had failed to yield enough to pay 
deductions from gross income other than taxes. 


Figure 4 also contains a similar comparison for the farms of 
Northern Colorado and for those of the Plains. In the latter region 
it has been pointed out that the ratio between taxes and rent was 
particularly unfavorable in 1926. Seventeen of the 113 farms report- 
ing had deficits before paying taxes, and half paid 80 percent or more 
of their net rent in taxes. Less than 40 percent had half their net 
rent left after paying taxes. In Northern Colorado, where condi- 
tions were reasonably good in 1926, half the farms paid less than 
25 percent of their net rent in taxes. Only three farms reported a 
deficit before paying taxes, and less than one-quarter of the farms re- 
ported paying more than half their net rents in taxes. In making 
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this comparison between the two sections, it must constantly be kept 
in mind that the situation on the farms reporting in the Plains see- 
tion was particularly bad in 1926 and that the differences are more 
extreme than they would have been in the other years. Conditions 
in the two sections do furnish a striking example of the effects of a 
relatively inflexible tax system on farms that are subject to years of 
exceedingly low income. 


PROFITS AND TAXES ON OWNER OPERATED FARMS 

In addition to the data that have been presented for rented farm 
property it seems desirable to consider briefly the situation of the 
farmer who owns and operates his farm. It must be kept firmly in 
mind in this discussion that the profits figure discussed is not equiva- 
lent to the net rent figure that has been used in the preceding pages. 
Net rent represents property income. Profits, as here used, repre- 
sent the income from farm property, plus income due the operator 
for his managerial labor, 1. e., all return for his personal efforts save 
a labor allowance computed at the rate paid hired labor. 

Such figures appear in Table 2 and were secured in the Rocky 
Ford area of the Arkansas Valley, the Monte Vista area of the San 
Luis Valley, the Montrose, Delta and Grand Junction areas of the 
Western Slope and the Greeley area of Northeastern Colorado for 
the year 1926. Records for the year 1922 were secured in the Rocky 
Ford and Greeley areas. 

Farm receipts as considered in the data summarized in Table 
2 comprise receipts from crop and livestock sales, increase in inven- 
tory and appreciation on real estate, livestock, equipment and sup- 
plies. Farm expenses comprise current expenses, depreciation on 
equipment, livestock and real estate, interest on investment in equip- 
ment and livestock and interest on cash to run farm, decrease in 
inventory, and a fixed charge for operator’s labor. Farm profits rep- 


TABLE 2.—Profits and Taxes on Owner-operated Farms in Several Districts of 
Colorado, 1922 and 1926. 


1922 
Taxes as a 
pereentage of 
Number Profits be- profits be- 
District of fore deduct- Taxes fore deduct- 
records ing taxes ing taxes 
Arkansas Valley ........ . 13 $ —1,040.00 ery 9) 
Northeastern Colorado 21 13,710.23 9,182.51 67.0 
ATE SATSTYACTS ccc genennssssen-2 3 12, 670.28 12,635.51 99.7 
1926 
Arkansas Valley . eee ee $ 17, (690. 00 $ 2,076.00 1aley 
Northeastern Colorado 18 87,843.26 8,368.09 9.5° 
San Luis Valley ............ 23 ri 200.00 14,065.00 6.6 


Western Slope te eee OO) 551.90 5,201.20 21.2 
PATTI IDISETACDS! cccecee= ee- 8 81 342 (376, 16 29,710.29 Ruy 
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resent the difference between receipts and expenses, and include, be- 
sides the return from the real estate before deducting interest on in- 
vestment in real estate and operator’s wages of management. 

In 1926 taxes took an average of 3.64 percent of total farm re- 
ceipts. They represented 5.9 percent of farm expenses and 8.7 
percent of farm profits on the 81 farms studied. The average per- 
centage of farm profits consumed by taxes was highest in the West- 
ern Slope district, 21.2 percent. It was the lowest in the San Luis 
Valley district, 6.6 percent. Taxes took the greatest share of the 
receipts in the Arkansas Valley district and constituted the largest 
share of the expenses in the San Luis Valley. The high percentage 
of taxes to farm profits in the Western Slope district was evidently 
due to low income rather than higher taxes. 

When taxes, as a percentage of farm receipts, expenses and 
profits in 1922, are compared with these items for 1926, it is found 
that taxes consumed a much larger share in 1922 than in 1926. Much 
of the difference shown between 1922 and 1926 was due to low re- 
ceipts in 1922 rather than to higher taxes in that year. While the taxes 
were higher in 1922 than in 1926, they were not so high as to make 
the difference indicated. 


INCOME AND TAXATION OF URBAN PROPERTY 


Figures have been collected for rented urban property in the 
cities of Colorado Springs, Fort Collins, Rocky Ford, Monte Vista, 
Montrose, Delta and Grand Junction. While such figures can not 
be put forward as definitely representative of all urban conditions 
of the state, outside of Denver, it will be seen from the map on page 
12 that these cities are located in different sections and so pres- 
ent a fairly adequate idea of the burden of taxation on urban prop- 
erty in rather widely separated parts of the state. A statement of total 
rent received on each of the 154 urban properties has been secured 
from its owner or his agent. The various expenses deductible from 
gross rent have also been recorded. Tax figures have been taken from 
the county records. The computations have been kept as closely com- 
parable as possible to those used to arrive at the income and taxes 
of rural property. The figures are summarized in Table 3. 

Total taxes including city taxes on 94 business properties ac- 
counted for an average of 27.4 percent of the net rent received from 
these properties. Taxes on 60 residence properties consumed 34.3 
percent of the net rent derived from them. 

Taxes on business properties expressed as percentages of net 
rent are highest in Delta, 42.5 percent, and lowest in Fort Collins, 
22.6 percent. Taxes on residence properties expressed as percent- 
ages of net rent are highest in Roeky Ford in the Arkansas Valley 
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district, 52.0 percent, and lowest in Monte Vista in the San Luis 
Valley district, 29.1 percent. 


It is instructive to compare taxes as percentages of net rent in 
Colorado Springs, one of the largest cities of the state, with the per- 
centage obtaiming in the six other towns included in the survey, 
namely, Fort Collins in the Northern Colorado district, Rocky Ford 
in the Arkansas Valley district, Monte Vista in the San Luis Valley 
district, and Montrose, Delta and Grand Junction in the Western 
Slope district. It is found that the average tax as a percentage of 
net rent on business properties is higher in Colorado Springs than 
the average for the business properties of the other six towns. The 
average tax expressed as a percentage of the net rent on residence 
properties is lower in Colorado Springs than the unweighted average 
for the other six towns. 


Urban taxes other than city taxes i. e., state, county, and school 
district taxes, In comparison to net rents received from these prop- 
erties, were found to vary from 6.7 to 50.6 percent in 1926. Business 
properties varied from 6.7 to 50.6 percent while residence properties 
showed a variation from 8.2 to 44.5 percent. The average for busi- 
ness properties was 18.1 percent; for residence properties, 21.9 per- 
cent. Altho greater variation is found among the business preperties, 
the average is higher among the residence properties. 


TABLE 3.—General Property Taxes and Net Rent of Urban Property in Seven Cities 
of Colorado, 1926. 


Taxes ag a per- 


Number Net rent be- General cent of net 
Cities of fore deduct- property rent before 
records ing taxes taxes deducting taxes 

Business properties: 
Colorado Springs .... 15 $ 85,767.00 $ 25,114.66 29.3 
TRUBS pee oe cdvarenaaate abiE 15,091.00 6,408.06 42.4 
Fort Collins 29 125,942.00 28,453.90 22.6 
Grand. Junction: -......... 10 41,607.00 12,619.75 30.3 
Morte Vistas 252 1 20,539.00 4,728.59 23.0 
MEQUETOSO. caste eriecaes) BO! 7,941.00 1,958.06 24.7 
EEOC ORG icteccs cee ee neee 14 18,426.00 1,278.73 39.5 
CA CRB. cece mst wercanee 94 315,313.00 86,561.75 27.4 

Residence properties: 
Colorado Springs .......... 19 $ 4,648.00 $ 1,451.69 81.2 
Wort Coline oct. 9 2,394.00 725.84 30.3 
Grand Junction 7 1,977.00 648.82 32.8 
Monte Vista) <:.cs5---<=-.------ 9 2,690.00 783.92 29.1 
MOMbNONG. pee ee Oe 433.00 177.65 41.0 
AKO are Uiiohats Bee eee re 14 2,164.00 1,124.52 52.0 


PATE CHAGR = eraccrissecea-es 60 14,306.00 4,912.44 34.3 
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Considering Montrose, Delta and Grand Junction as representa- 
tive of the Western Slope district, Monte Vista of the San Luis Val- 
ley district, Rocky Ford of the Arkansas Valley and Fort Collins of 
northeastern Colorado, a comparison of taxes other than city in these 
districts among themselves and with Colorado Springs, one of the 
larger cities of the State, not agricultural, may be enlightening. 

Among the cities of the agricultural districts the Western Slope 
shows the highest percentage of taxes other than city in comparison 
to net rent, 21.9 percent. Northeastern Colorado shows the lowest 
percentage, 15.1 percent. Of the business properties, the Western 
Slope has the highest percentage of taxes other than city in compart- 
son with net rent, 21.9 percent. The highest percentage of taxes among 
residence properties was found in the Arkansas Valley. Northeast- 
ern Colorado exhibits the lowest percentage in both business and resi- 
dence properties, 15.0 and 19.5 percent respectively. 


Comparing the towns in the agricultural districts with Colo- 
rado Springs, it is found that the average percentage for Colorado 
Springs is slightly higher among business properties and _ slightly 
lower among the residence districts. 

It is of some value to compare general property taxes expressed 
as a percentage of rural net rent with general property taxes ex- 
pressed as a percentage of urban net rent. The figures presented in 
Table 4 represent a by no means exhaustive study of the tax-and- 
income situation in country as compared with the city but are sug- 
gestive and altho the number of records is limited, are considered to 
be fairly representative of the districts covered. 


TABLE 4.—Comparison of the Percentages of Net Rent Taken by Rural and 
Urban Taxes, 1926. 


Rural Properties! 


Urban Properties2 

Percentage Percentage Percentage 
District Properties of net Properties of net of net 

reported rent taken reported rent taken rent taken 

by taxes by total by urban 

urban taxes taxes other 

than city 

Number Percent Number Percent Percent 
Northern Colorado ............... 100 21.9 38 2230 15.1 
Western Slope 27 32.0 33 32.5 21.9 
Arkansas Valley 5 28.0 28 40.8 21.2 
San Luis Valley 12.4 21 Pell 17.0 
ARCOVUER SID eee tay eee era ee 23. 120 27.1 LTT 


_ 1The difference between the figures for rural properties in Table 4 and Table A 
arise from the fact that comparable figures from two separate surveys are combined 
in order to give a more representative sample in Table 4 than could be obtained from 


the figures of Table A alone. 


2The figures for urban properties are computed on the basis of 


mation of business and residence figures. 
ties amounts to much more than that of th 
much greater weight in the combined figure. 
equai weight the percentages will be 


cient to alter the conelusions of the text. 


a simple sum- 
The fact that the rent of business proper- 
e residence properties gives the former 
$ If the two types of property are given 
slightly increased, but the change is not suffi- 
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Total taxes expressed as a percentage of urban net rent are 
greater than total taxes expressed as a percentage of rural net rent; 
27.1 percent as compared with 23.8 percent. In each of the four 
districts studied, total taxes consumed a larger share of net rent on 
urban properties than on rural properties. 


If, however, one is to compare taxes other than city taxes, i. e., 
state, county, and school-district taxes on the urban properties with 
these same taxes on rural property, it is found that taxes take a 
greater part of net rent on rural property than on urban property ; 
23.8 percent compared with 17.7 percent. In only one district, the 
San Luis Valley district, is the tax on rural property less in com- 
parison to net rent, than taxes other than city or urban property ; 
12.4 percent as compared with 17.0. The significance of such a com- 
parison lies in the fact that the city taxes are, in the main, a charge 
for services which are rendered to the city taxpayer but which are 
in no sense duplicated in the rural sections. 


COMPARISONS WITH OTHER STATES 


It is reasonable to ask whether the Colorado farmer is in a worse 
situation, so far as taxes are concerned, than is the farmer in other 
states. It is unfortunate that there is little recent information from 
nearby states on the subject. Data have, however, been collected 
from owners of rented farms in some few states and the results of 
such studies are comparable with the one that has been made in Colo- 
rado. 


It was found that the owners of rented farms in certain sections 
of Michigan paid in taxes 55 percent of their net return in 1926, 
while for the eight years from 1919 to 1926 they paid 52 percent. 
On farms in three counties of North Dakota, taxes were found to take 
16 percent of the net rent in 1924 and about 40 percent over a period 
from 1919 to 1924. In South Dakota certain rented farms paid 30 
percent of the net return to their owners in taxes in 1926 and 28 
percent over the period 1920-1926. A study of rent and taxes on 
nearly 1,100 farms in Virginia indicated that in 1926 taxes took 20 
percent of the net returns to the farm owners. Reports from Arkan- 
sas showed that taxes took 17 percent of the net rent of farms in five 
representative districts in 1925 and averaged 18 percent over the 
five-year period 1921-1925. In three counties of Indiana, taxes on 
rented farm land, from 1919 to 1923, averaged 33 percent of the net 
income and in the year 1923, averaged nearly 40 percent. A report 
from Missouri shows taxes on farms in four counties to have taken 
16 percent of net rent over the same five-year period and 20 percent 
in the year 1923. Figures from certain selected farms in Ohio indi- 
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cated that about 36 percent of the net rent went into taxes during 
the years 1919 to 1922. 


The only conclusions that can be drawn from the figures that 
have been presented from other studies are that farm taxes wherever 
they have been studied are taking a heavy toll from the land own- 
er’s income and that the situation in Colorado is about the average— 
not as unfavorable as in the states where taxes are heaviest when 
compared with income, but somewhat worse than in a few states where 
the tax situation seems most favorable. In this connection, one par- 
ticular qualification needs to be kept in mind. Taxes should be meas- 
ured in two ways—by the amount that the taxpayer is compelled to 
pay and by the things which he receives as a result of such payment. 


Thus, two groups of farmers may each be paying out the same 
proportion of their net incomes in taxes and still their real tax bur- 
dens may be very different. In one community tax money may be 
spent efficiently, governmental organization may be adapted to the 
needs of the locality, and excellent roads and schools may be provided. 
In another, inefficiency, not necessarily blamable to any individuals, 
but possibly inherent in the governmental organization, makes it 
necessary to exact a high proportion of income in taxes and still does 
not permit the maintenance of satisfactory roads, schools and other 
governmental services. It requires no argument, to prove that if the 
farmers of the two communities are paying the same proportions 
of net income in taxes, those of the latter community have a much 
heavier tax burden than those of the first. For these reasons the 
comparisons that are made between taxes and incomes among differ- 
ent communities and to some extent, among different groups, need to 
be considered as a starting point for a study of tax burdens, rather 
than as a definite indication of the amounts of the burdens. 


In so far as the ratio between the net income of rented farm land 
and taxes on that land are concerned, there will tend to be, over a per- 
iod of years, an adjustment in net rent which will somewhat reflect the 
value of the services rendered to the land and to those who live’on it 
by the governmental agencies. Thus, a farm that is located near 
good roads and schools will be expected over a period of years to rent 
for more money than a farm similar in other ways, but not convenient 
to good roads and schools. Such adjustments, however, particularly 
in the ease of schools, are apt to be made only after a long period of 
years, and with the lack of stability in income from land which is 
characteristic of present conditions, may never become apparent. For 
the reasons that have been mentioned, however, the ratio between net 
rent and taxes needs to be considered subject to an adjustment based 
on the governmental services in return for taxes paid. 
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INCOME AND TAXATION OF CoLoRADO PuBuic UTinitirs 


Taxation of pubhe utilities, particularly during the past few 
years, has been high. It may be urged as an attenuating factor that 
the rates of those public utilities which have their charges fixed by 
the state are intended to permit such utilities to make a fair return 
on their value. If such intentions work out in practice the utilities 
will be able to pass on to their customers the taxes which they pay. It 
is a well-known fact that in recent years certain types of utilities 
have made little or no profits. With fairly high taxes it can be 
understood that the percentage of operating profits, before deducting 
taxes, which is taken by taxation, will be high. It is not, however, 
wholly fair to compare such percentage with the percentage of farm 
income or of income from farm land taken by taxes. Farm taxes 
as a whole cannot be shifted. Figures presented for income from 
farm land are investment-income figures and should only be com- 
pared with other figures considered on that basis. The qualifications 
that must. be kept in mind in any use that is made of the farm-busi- 
ness-income figures have already been explained. 


In spite of the reservations that have been made in their use, 
it has been deemed of sufficient interest to present, in Table B*, pub- 
lic-utility-income figures for the years 1922 and 1923, the latest that 
have been published by the Pubhe Utilities Commission of Colorado. 
The percentage that taxes take of net operating profits varies among 
the different types of utilities, the highest figure recorded being 54.2 
percent in 1923 for gas companies. This figure, however, should be 
considered with the electric ight and power company figure for the 
same year as it seems probable that arbitrary assignment of income 
to either gas or electricity was made by certain of the companies which 
supply both utilities. If gas and electricity are combined it is found 
that taxes took 25.0 percent of the combined-profits figure in 1922 and 
20.3 percent in 1923. In general, the taxation of companies furnish- 
ing gas and electricity seems relatively low compared with profits, 
while that of the water and telephone companies is high. The aver- 
age figures for public utilities reporting were heavily influenced by 
the figures of the electric power companies. The average percentage 
that taxes took of income was 30.4 percent in 1922, and 25.2 percent 
in 1923.2 


INCOME AND TAXATION OF CoLoRADO NATIONAL BANKS 
The reports of the comptroller of the currency publish figures 
relating to income and taxes of Colorado national banks. It is dif- 
ficult here, as in the previous case, to secure figures that are closely 
comparable with the figures for agriculture that have been presented. 


1 See page 81. 
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Table C! contains two income figures for each of the years from 1919 
to 1926 for the national banks of the state outside of Denver and 
Pueblo, and for those in Denver and Pueblo. The first of these in- 
come figures, designated ‘‘net earnings (before deducting taxes) ’’ 
represents the year’s business before taking into account losses 
charged off or recoveries on assets that have been previously charged 
off. It may be roughly compared with operating profits in certain 
other lines. The net additions to profits figures take into account 
losses charged off and recoveries. For the years since 1921 the dit- 
ferences between these figures have been marked, due to the large 
losses of the deflation period which have been charged off in each 
of the successive years. The banks have suffered along with the 
farmers during this period. 


One important fact relating to the tax burden on banks remains 
constant thru the whole period since 1919. The percentage of profits 
taken by taxes is higher on the country banks than on those of Den- 
ver. Only in the year 1921 did taxes take over one-third of the pro- 
fits of the latter banks. From 1921 on, country banks have paid over 
one-third of profits in taxes and from 1923 thru 1926 have paid over 
two-thirds. The fraction of net earnings taken by taxes from the 
Denver banks rose above one-fifth only in the years 1919, 1921 and 
1923. For the country banks it has been between one-quarter and 
one-third in each of the years from 1921 to 1926, inclusive. The re- 
ports from the two Pueblo banks are not examined in detail as they 
represent a very small part of all the national banks of the state. 
Except for heavy losses in 1922 and 1924 they show no great diverg- 
ence from the general trends. 


By combining the figures for all the national banks of the state 
there has been computed an average figure, in which the Denver banks 
have about as much weight as all the other banks. The percentage of 
taxes to net additions to profits of all the national banks was 21 in 
1919. It increased to 52 in 1922, dropped to 36 in 1924 and increased 
to 46 in 1926. The percentage that taxes were of net earnings showed 
much less variation. It was 19 in 1919 and had by 1923 increased 


to 28. It dropped the following year to 19, rising in 1925 to 24 and 
declining in 1926 to 21. 


While the bank figures that have been presented must be used 
with caution in comparisons with other figures, they do show fairly 
heavy taxation of current income of country banks with much less 
burdensome taxation for Denver banks and very heavy taxation of 
net additions to profits in recent years for the country banks, to- 
gether with fairly heavy taxation of the Denver banks on this basis. 


1 See page 82. 
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No attempt will be made to examine the reasons for these differ- 
ences. Attention, however, is called to the ease with which banks may 
be assessed, as one of the reasons why bank taxation may be expected 
to be higher than that of many other classes of business. 


INCOME AND TAXATION OF COLORADO CORPORATIONS 


No attempt will be made here to outline in detail the types of 
taxes to which corporations in Colorado are subject. Two, however, 
account for the bulk of revenue derived from corporate enterprise, the 
general property tax and the federal corporation income tax. Infor- 
mation relating to the amounts collected from corporations by these 
and other taxes is scanty. The only available material, aside from 
that which has been presented in the preceding sections, and which 
relates to special classes of corporations, is derived from the corporate 
income returns submitted to the Federal Bureau of Internal Revenue. 
A tabulation of these returns for corporations reporting from Colo- 
rado has been made for their income and expenses for the year 1924. 
This will be examined in detail and certain additional information, 
relating to corporations reporting profits and those reporting no 
profits since the year 1919, will be presented. 

In considering these returns it should be kept in mind that they 
do not represent all corporations doing business in Colorado and that 
they relate to some extent to business done outside of the State. Cor- 
porations usually file their reports in the State where their principal 
office is located. Thus, many corporations doing business in Colo- 
rado have made their reports from other states. This is particularly 
true of the railroad systems that operate thru Colorado. The figures 
that are designated ‘‘Transportation and Other Public Utilities’’ in ~ 
Table 5 should be considered with this qualification in mind. 
Some of the corporations that have their principal offices in Colorado 
do extensive business in other states and are taxed in such jurisdic- 
tions. For this reason the figures which are designated as ‘‘ Taxes Oth- 
er Than Income and Profits Taxes’’ and which indicate the state and 
local taxes paid by the corporations, contain a certain amount of 
taxes paid to jurisdictions outside of Colorado. While these quali- 
fications need to be considered, it is safe to assume that taxes paid in 
Colorado and profits made on Colorado business constitute most of 
those considered in the discussion that follows and that a fair sam- 
ple of corporate tax conditions within the state is given. It is neces- 
sary to remember that much of the business of the state is not car- 
ried on by corporations. The results of such business are of course 
not included in the figures that are given. 


It will be desirable in the first place to consider figures relating 
to the number of corporations reporting net income and those that 
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reported failure to earn net income during the years from 1919 to 
1925. (Table D'). In no year since 1919 have half of the total num- 
ber of corporations from Colorado reported that their operations 
yielded them some net income. The years 1919 and 1925 show the 
highest proportion making such reports with 46.4 percent and 46.6 
percent respectively. In 1921 only 35.7 percent of the total report- 
ed?et income. The corporations reporting some net income in 1925 
had a total gross income of over $760,000,000 while those reporting 
no net income had a gross of slightly less than $162,000,000. In 
other words, the corporations that did not earn a net income for 
their stockholders were on the average less than one-quarter of the 
size, if size is judged by gross income, of the corporations that made 
a net return. 


When the corporation returns of the three-year period, 1925- 


1925, Table E?, are considered by industrial groups, certain signifi- 
cant facts are discovered. Mining and quarrying corporations are 
lowest in the percentage of the total reporting net income. The cor- 
porations classified as agricultural are next altho there has been a 
decided improvement during the period in the number of such cor- 
porations that reported net income. Except for a single year, 1923, 
and a single group, Transportation and Other Puble Utilities, there 
is no case in which less than half of any other group failed to report 
net income. Corporations engaged in wholesale and retail trade made 
the best showing with from 60 to 66 percent reporting net income. 
The data on corporations that have been presented thus far are not 
in sufficient detail to make possible detailed conclusions as to the 
relative profitableness of the various types of corporate industry in 
Colorado. They are, however, sufficient to indicate that there are 
differences in the income-producing powers of corporations, just as 
there are between farms, and that lack of net income is not confined 
to any single class of business. 


A comparison of income and taxes is, however, of chief interest 
for present purposes. Table 5 contains figures for 1924, making 
such a comparison possible. Three groups, agricultural and related 
industries, mining and quarrying, and construction companies, re- 
ported a deficit before paying taxes. Of the important remaining 
industrial groups, transportation and other public utility corporations 
paid over 54 percent of their net income in state and local taxes and 
over two-thirds in all taxes. The group designated professional, 
hotel, amusement, etc., paid 31 and 39 percent, respectively, of its net 


1 See page 8&2. 
2 See page 8&3. 
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TABLE 5.—Income and Taxation, all Corporations Reporting, Colorado 1924.1 


g a om 9 
oe 5 a Op = le » n 
mot Bugs woo R 2 hee re 
Industrial group So vp ° oe Bae, is £9.38 
AOR gore ao OS sy suelo 
Bes Set See Log ou 5 S84 ™ 
ous aade Brae 5 Bm 
Zsz Hosea xyes ies = asa 
Dollars Dollars Percent Dollars Percent 
Agriculture and 
related industries —..... 1,183,189 cto wie Sore eanste 439,258 
Mining and quarrying .... —4,369,247 792,078 weed cece 1,074,765 
Manufacturing , _.. 86,564,565 4,571,460 12.5 8,271,438 
Construction —53,075 BCG aa emma 59,251 
Transportation and other 
PUG Miihiives 22 | 7610-592 4,129,959 54.3 5,088,115 66.9 
SEA eee ee 7,262,855 1,709,910 23.5 2,508,904 84.5 
Professional, hotel, 
amusement, ete., -......... 1,814,776 401,318 30.5 516,198 39.3 
Finance, banking, 
insurance, ete. = .....2. 22,573,484 3,242,588 14.4 4,371,353 19.4 
Combinations, predominant 
industry not ascertainable 8,118 65,763 810.1 66,251 816.1 
All corporations ............... 69,777,940 15,471,451 22.0 22,395,548 32.1 


i1Computed from data supplied by the United States Bureau of Internal Revenue. 


income in state and local taxes and in all taxes. At the other extreme 
are manufacturing which paid 12.5 percent in state and local taxes 
and 23 percent in all taxes, and finance, including banking, insur- 
ance and realty corporations, which paid 14 percent of their net in- 
come to state and local jurisdictions and 19 percent to all govern- 
mental units. A combination of the figures for all corporations re- 
porting indicates that they paid 22 percent of their net income in 
state and local taxes and 32 percent in all taxes. 


Detailed figures are available for a number of different groups 
in the manufacturing industry of the state. They appear in Table 
6. It will be seen that there is a wide difference in the relation- 
ship which exists between taxes and net profits within this industry 
Those concerns engaged in manufacturing food products, tobacco and 
beverages, in printing and publishing, in the manufacture of stone, 
clay and glass products, and in the manufacture of chemicals, show 
ratios of total taxes to net profits lower than the average of the in- 
dustry of the state. 


The relationship between local and state taxes and net profits is, 
however, of particular interest. Printing and publishing corporations 
reported only 3.3 percent of net profits paid in state and local taxes. 
Corporations manufacturing stone, clay and glass products paid 
5.2 percent and those manufacturing food products 9.5 percent. At 
the other extreme is a group of corporations engaged in the manu- 
facture of metal and metal products which paid 72.4 percent. 
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No attempt will be made here to draw definite conclusions from 
these figures. The subject needs more study before this can be done. 
The extremely low ratio in the printing and publishing industry is 
due to the low investment of the industry in real estate. In the food 
manufacturing industry a similar tax situation is probably due to 
the fact that much of the real estate of the industry is situated out- 
side of the limits of cities and is thus subject to a lower tax rate and 
possibly to a lower valuation than is the property of many other in- 
dustries. 


TABLE 6.—Income and Taxation of Corporations Engaged in Manufacturing, 
Colorado, 1924. 


Taxes other Percentage taxes Percentage 

Net profits than U. S. other than all taxes 

Division of Industry before de- income and income take All Taxes take of 
ducting taxes profits taxes of net profits net profits 

Dollars Dollars Percentage Dollars Percentage 

HOO PLO GUCtS see 20,065,002 1,918,281 9.5 3,959,155 9.7 
MNemtilesy eee ne 81,997 23,089 28.2 32,928 40,2 
Leather ..... as 49,059 8,094 16.4 12,879 26.0 
Rubber ...... oo 253,892 132,205 52.1 148,139 58.4 
Lumber ...... oes 118,912 67,574 56.8 105,63 88.8 
Paper and Pulp ~ eed Fe —41,410 4,513 ciad 25 SAG — Bees 
Printing & Publ. ... 2,065,752 68,603 3.3 313,354 15.2 
Chemicals cece 8,597,892 1,010,885 11.8 1,872,416 21.8 
Stone, Clay & Glass 3,789,962 196,737 5.2 599,770 15.8 
Metal & Metal Prod. 1,523,823 1,102,977 72.4 1,157,669 76.0 
PANTS O thera) 59,234 43,502 73.4 64,329 108.6 
Total Manufacturing 36,564,565 4,571,460 12.5 8,271,488 22.6 


The examination that has been made of the taxation of corpora- 
tions in 1924 reveals the fact that there is a great diversity among 
them, both so far as their taxes and so far as their profits are con- 
cerned. If information were available for individual corporations, 
it would doubtless be possible to show that some corporations were 
paying such a small percentage of their net profits in taxes that this 
item is of little importance in the corporations’ annual budgets. 
Other corporations could be shown to be paying an exceedingly large 
part of their net profits in taxes, and the large group of corporations 
reporting a deficit before paying taxes would present a worse picture. 
Similar information was presented for investments in farm land in 
Colorado. In considering the corporate tax situation, it should be re- 
called that the amounts spent for taxes represent on the average a rel- 
atively unimportant part of the total receipts of a Colorado corpora- 
tion. For corporations as a whole, state and local taxes took in 1924 on- 
ly 1.7 percent of the total receipts and all taxes only 2.5 percent. In 
the case of agricultural and related corporations the figures were 6.4 
percent and 6.6 percent respectively ; in the case of mining and quar- 
rying corporations, 1.3 percent and 1.8 percent. 


In general, these figures would seem to indicate that only in ex- 
ceptional cases can taxation in Colorado be assigned as a major cause 
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of a corporation’s failure to make profits for its stockholders. It 
seems hardly possible that a single item which on the average takes 
about one-sixtieth of the total receipts, as does the state and local- 
tax item, can be the chief or even a very strong influence in deter- 
mining the success of the average corporation. 


State and local taxes have been shown to take on the average 
shghtly over one-fifth of the net profits of all corporations reporting 
from Colorado. The ratio of taxes to profits varies greatly among 
classes of corporations and could no doubt be shown to vary even 
more among individual corporations if data for them were available. 
As a percentage of total receipts, however, state and local taxes make 
a very slight showing, amounting to 6.4 percent in the ease of the 
group where the percentage is highest and averaging only 1.7 percent. 


In corporation taxation, just as in farm taxation, it seems entire- 
ly reasonable to assume that cases of hardship would be lessened 
by a form of taxation which placed more emphasis on the ability 
of the corporation to pay taxes and less on certain tangible evi- 
dences of the corporation’s property. In the case of corporations, 
as in the case of agricultural property, income is probably the best 
single indication of ability to pay taxes and a greater reliance on this 
indication would make possible a fairer corporation tax system in 
Colorado. 


RELATIVE TAX BURDENS IN COLORADO 


A comparison of relative tax burdens among the different groups 
in any particular place or among different localities involves a com- 
parison of so many divergent factors that any simple and obvious 
conclusions are to be viewed with suspicion. The definition of tax 
burden itself is no simple matter. How is it to be measured? What 
units of comparison between different groups are valid? How may 
benefits from taxation be related to tax payments and results ex- 
pressed in quantitative terms? No single answer to any of these 
questions exists. 

The usual basis for considering tax burden is a comparison of 
taxes and income. In a section where governmental services are all 
similar, such a comparison is of some significance. It should, how- 
ever, be remembered that even in this case two individuals or groups 
paying the same percentage of taxes may be burdened unequally. 
The cases of two individuals with net incomes of $1500 and $150,000 
each illustrates this. Taxes that take $150 of the former’s income are 
commonly considered vastly more burdensome than taxes that take 
$15,000 from the latter. In each case, however, the percentage taken 
is ten. If there be added to the difference in individual incomes 
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differences which come from varying services supphed by the govy- 
ernment, then the situation becomes much more complicated and, as 
has already been said, no definite measure of comparison exists. 

From one point of view a fairly satisfactory comparison of rela- 
tive tax burdens may be made. The subject may be considered from 
the point of view of an investor. The possible alternative investments 
of his money and the effects of taxes on net yield will be calculated. 
The assumption will be that there are presented for consideration 
several possible investments each yielding the definite amount of 
$1,000 a year before taxes are paid. It must be admitted that many 
considerations other than taxes will help to determine the desirability 
of the various investments. ‘These other considerations must be put 
aside, however, so far as this discussion is concerned and attention 
paid exclusively to the tax features of the various investments. 

The average investor in farm land in Colorado will find that 
taxes take approximately one-third of his net income from this source. 
The owner of rented city property in certain sections of the state 
paid on the average 28 percent of his net income in taxes. The owner 
of stock in an average public utility corporation of Colorado found 
in 1923 that one-quarter of what otherwise might have been devoted 
to dividends for him and to surplus for his protection was paid out 
by the corporation in taxes of all kinds. The previous year taxes had 
taken a somewhat larger portion of net profits. The owner of na- 
tional-bank stock found that for the three years, 1924 to 1926, inelu- 
sive, federal, state and local taxes took on the average about 40 per- 
cent of the net additions to profits. Banks were charging off many 
losses during these years and so the situation was somewhat abnormal. 
Manufacturing corporations in 1924 paid in state and local taxes 
12.5 percent of what otherwise might have been distributed to the 
owners of the corporations. If federal taxes as well as local taxes be 
considered, the figure would be nearly 23 percent. 


This comparison would seem to indicate that from the owner’s 
point of view, the tax situation of the holder of stock of manufac- 
turing corporations is somewhat better than that of the owner of 
other income-producing property of the state. It has been explained 
earher in the report that no uniformity exists even within this field. 
The figures are averages and do not, of course, accurately describe 
the condition of any individual company. 

One inequality of the tax system of Colorado has been demon- 
strated by this study and by others that have been made. This re- 
lates to the taxation of tangible property as compared with intangi- 
ble. Under Colorado’s present system of taxation, almost no intangi- 
ble property is assessed. While this is in distinct violation of law, 
there seems no way by which the law can be enforced. Many people 
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feel that enforcement of the law in this respect would result in more 
injustice than does the present system. It seems unnecessary to dis- 
cuss this here as there is no possibility of strict enforcement. Some 
means, however, should be found of forcing possessors of intangible 
property to pay a fair contribution toward the cost of government. 
This will be discussed in detail in a later portion of this report. 


The data that have been compiled show little difference between 
the taxation of rural and of urban real estate. The figures for city 
real estate, however, relate to only a few towns of the state and so 
may be considered to cover a relatively insignificant part of the 
whole. The average relationship of assessed value to owners’ value, 
for the urban and farm groups studied, will be shown to be fairly 
close, so no great difference arises from this score. So far as property 
income and taxation go, the two groups are also fairly close together. 


In coneluding the indecisive survey of relative tax burdens that 
can be made on the basis of present information, it should be empha- 
sized that the most striking inequalities at present are those between 
income-producing properties that are not taxed and those which are. 
In the latter group, some adjustment doubtless should be made, but 
major attention needs to be given to those measures which will make 
possible a broadening of the tax base to include those types of tax- 
paying ability which at present are making no contribution to the 
support of the government. 


II. ASSESSMENT OF TAXABLE PROPERTY IN COLORADO 


Certain facts relating to the tax burden on different types of 
property in Colorado have been presented in the preceding section. 
The assessment of property is recognized as an important factor in 
determining the burden of taxation. It is therefore appropriate to 
consider next the methods and results of the assessment of property in 
Colorado. Thruout this consideration it should be kept in mind that 
the bulk of farm property is of a type that is easily found by assessors 
and for this reason does not escape taxation. Agriculture is more 
interested in a fair assessment of property than are those industries 
or individuals who possess property which is of the sort that rarely 
attracts the attention of the assessors and so pays little in taxes, 


The general property tax in Colorado rests theoretically on the 
assessment and taxation of all property within the state which is not 
expressly exempted by law. Two groups of public officials are con- 
cerned with the assessing of property, the local county assessors and 
the state tax commission. The work of each of these will be described 
in turn. 
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Tur Locat ASSESSORS 


The county assessors who are popularly elected for a two-year 
term are the only elective officers who give direct attention to the 
assessment of property. They and their deputies and field agents 
carry out the township and municipal assessment of the entire county. 
All taxable property, tangible and intangible, with the exception of 
publie utility property which is assessed by the tax commission, is 
supposed to be listed and assessed by them. Their assessment is re- 
viewed by the county commissioners acting as a board of equaliza- 
tion. This board hears and settles such complaints relating to as- 
sessment as may be brought before it. 


It is the duty of the assessors or their agents to visit between 
January 1 and May 20 all resident owners of taxable property for 
the purpose of listing, examining and assessing it. In cases where 
the property in question has been listed the previous year the owner 
is questioned concerning changes that may have occurred in its condi- 
tion or value. After the examination and listing of the property 
the owner is required to sign under oath a schedule containing the 
relevant information. If the assessor has reason to believe that the 
statement of the owner of the property is erroneous, he may assess 
the property on the basis of such evidence as he can assemble. Per- 
sonalty, improvements and land must be listed and assessed separately. 

The assessors’ records of farm real estate vary widely among the 
different counties of the state. In most cases there is a permanent 
record in abstract, or in plat or map books. This record contains 
the legal description of the property, locating it in section, township 
and range or in lot and block, if it is platted property. The abstract 
record ordinarily contains a division of the land into various celassi- 
fication groups together with the total assessed value of each class 
within the: property. These classification groups are, however, not 
uniform from county to county and so do not all correspond to the 
classification contained in the annual report of the state tax com- 
mission. An arbitrary conformation to this latter classification is 
resorted to by certain of the counties in making their reports. 


The abstract record contains the value of improvements along 
with land values. Owners’ names and schedule numbers are usually 
a part of the abstract while in some eases it contains records of prop- 
erty transfers, trust deeds, mortgages and court decisions affecting 
the property. Roads, waste and right-of-ways are in some counties 
included with these records and are deducted from the eross land 
owned. In other counties these items are wholly or partly ignored 
or, where recognized, are not deducted from the whole. Mineral and 
coal reserves are sometimes shown in the abstracts. 


September, 1928 Some Cotorapo Tax PROBLEMS 33 


The assessed valuation of the lot and the valuation of improve- 
ments appear in the abstract in the case of city real estate. Such 
property is described as to subdivision within the municipalty by re- 
ferring to the lot and block, or by meets and bounds if the property 
is not in a subdivided area. In some counties the abstract also con- 
tains the location on the lot of the improvements. 


Assessed values of rural real estate seem at the present time to 
be based largely on the values used in previous years. In some 
counties these values are revised annually. In others they are changed 
only when pressure from one source or another is brought to bear on 
the assessors. Such revision, however, is usually based on some fig- 
ures adopted in advance and only modified under exceptional cir- 
eumstances. Even the reappraisement which may take place every 
five or six years usually consists of a percentage change based on the 
earlier figure at which the property was assessed. Changes in the 
utility of land over a period of years are seldom taken into considera- 
tion in assessment except when brought to the assessor’s attention 
by some unusual means. General or local economic trends exercise 
some influence in determining the assessment figure, but it is safe 
to say that no two assessors consider these influences in the same 
light. On the whole there is the natural tendency of keeping real 
property at the same figure from year to year, no matter how its 
use or value may have changed. There are, of course, many excep- 
tions ta this, but it is characteristic of most of the counties in the 
state. 


No attempt is made to assess or reassess real property at its full 
cash value. In setting a final figure each assessor has in mind a cer- 
tain percentage of full cash value at which he believes he is assessing 
the real property of his county. An informal inquiry made of as- 
sessors in a number of different counties indicates that there is a con- 
siderable variation from county to county in the percentages which 
the assessors use for this purpose. 


Valuations of all classes of personal property except motor ve- 
hicles, livestock and securities with a face value are arrived at more 
or less haphazardly. Once such property appears on the tax rolls at 
any value, it is likely to remain at approximately the same figure 
year after year. While a theoretical attempt is made to assess person- 
al property at its full cash value, little uniformity exists among the 
several counties. The owners’ figures of the value off this property 
are usually accepted unless they are glaringly out of line. Only in 
the case of motor vehicles and livestock is there a concerted attempt 
at uniformity. The former are assessed on the basis of figures of 
the value of new ears at the factory. These are supplied to the asses- 
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sors by the state tax commission. Cars that are in the first year of 
use at the time of assessment are given a valuation of 70 percent ot 
this figure. Those in their second year drop to 50 percent, and in 
the third year to 30 percent. In most counties some cooperation ex- 
ists between the county clerk and the assessor in recording the owners 
of motor vehicles which are reported separately from other personalty 
on the assessors’ schedules and rolls. There is, however, no auto- 
matie check whereby license tags can be secured only on the pre- 
sentation of the previous year’s tax receipts. 


Livestock valuations are quite uniform thruout the state, but 
there is no pretense that they are made on the basis of full cash 
value. Figures to be used each year are generally discussed and 
agreed upon by the county assessors at their annual meeting. 


From what has been said it will be easily understood that both 
methods of assessing and the efficiency of assessment differ widely 
from county to county. Quantity as well as quality of the recorded 
information varies among the different assessors, some collecting 
very detailed information, others being content with a very meager 
amount. Thus in some counties realty transfers are checked every 
day in order to be certain that assessment is made to the proper 
parties; in others all transferred property is assessed under the name 
of the former owner, or it 1s assessed ‘‘owner unknown.’’ Field men 
in some counties are supplied with maps every year to check up on 
land classifications, changes in buildings, the location of wells and 
other features affecting the value of the property. In most counties, 
however, this is not the practice and changes are recorded more or 
less by chance. It has already been pointed out that there is no uni- 
formity among the various counties in their classifications of agri- 
cultural land. It is therefore necessary for some of them to make 
arbitrary adjustments in order to make their reports conform to the 
classification of the state tax commission. 


While the initial assessment of most property for tax purposes is 
the work of the county assessors, supervision and certain definite 
duties belong to the state tax commission. The section that follows 
will explain the commission’s part in the assessment system of the 
state. 


THE Conorapo State Tax Commission 


The Colorado State Tax Commission, which was authorized by 
law in 1911, consists of three members appointed by the governor and 
treasurer for a term of six years. According to law, one vacancy 0e- 
curs in each biennial period and one appointment must therefore 
be inade every two years. A knowledge of and training in the sub- 
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ject of taxation are qualifications which are taken into consideration 
in the selection of men who are to serve as members of the commis- 
sion. 


The duties and powers of the state tax commission which relate 
directly to the local assessment of property will first be set forth in 
detail, and then certain other aspects of the commission’s work will 
be considered. The law provides that the state tax commission shall 
have: . 

(1) General supervision over the administration and en- 
forcement of all laws for the assessment, levying and 
collection of taxes. To this end the commission shall 
exercise supervision over the county assessors, boards 
of county commissioners, county boards of equalization 
and all of the boards of assessment, levy and collection 
so that all assessment of property, real and personal 
and mixed, may be made relatively just and uniform and 
at its true and full cash value. It shall have the power to 
require all county assessors, county commissioners and 
county boards of equalization under penalty of for- 
feiture and removal from office as such assessors or 
boards to assess all property of every kind or character 
at its actual and true cash value. 


(2) The duty of preparing and transmitting to the assessors 
of the several counties such forms of returns to be made 
by them to its office and such instructions as it deems 
conducive to the best interest of the state upon any sub- 
ject affecting taxation. 


(3) The power to prescribe a uniform system of proced- 
ure in the assessors’ offices and the form and size of 
tax schedules, tax rolls and warrants, field books, plat 
and block books and maps. 


(4) The right to order transcripts of records or parts 
thereof and other information on file in the respective 
offices deemed necessary by the commission. 


(5) The power to investigate the work and methods of coun- 
ty assessors, boards of county commissioners, county 
boards of equalization and county treasurers in the as- 
sessment, equalization and collection of taxes on all kinds 
of property in the state. 


(6) The power to require any assessor to appear before 
the commission at any of its meetings for examination 
concerning the assessment in his county. 


36 CoLORADO EXPERIMENT STATION Bulletin 346 


(7) The duty of calling an annual meeting of the county 
assessors to be held at the State Capitol or to call group 
meetings of two or more assessors at such time and 
place as it may designate. 


(8) The right to appear and be heard in any court, or 
tribunal in any proceeding in which abatement or re- 
fund of taxes is sought. 


Each of the commissioners, the secretary and agents employed 
are invested with all the necessary powers which are required in the 
securing of the records and facts that are to be used in the appraisal 
and valuation of property, real and personal. 


It is the duty of the commission, on or before the first day of 
October each year, to determine whether the real and personal prop- 
erty of each of the several counties in the state shall have been as- 
sessed at true and full cash value and if in the opinion of the com- 
mission the real and personal property within any county in the 
state as reported by county assessor to the commission is not on the 
assessment roll at its true and full cash value the commission shall 
determine the increase or decrease in the valuation in such county 
by such rate in percentage or such amount as will place this property 
on the assessment roll at its true and full cash value. 


When the commission has determined the true value of the real 
and personal property in the several counties the commission trans- 
mits to the state board of equalization a statement of amount to be 
added to or deducted from the valuation of the real and personal prop- 
erty of each county, specifying the amount to be added or deducted 
from the valuation of the real and personal property. 


_ It is the duty of the state board of equalization, which 
consists of the governor, auditor, treasurer, secretary 
of state and attorney general, to examine the abstracts 
of assessment as submitted by the state tax commission, 
The board approves the abstract for each county, or 
makes such changes as it deems necessary. <A record 
of its action is made on the abstract for each county 
and this is certified to the county assessor. He is re- 
quired to make such changes in the valuations of each 
tract or lot and its improvements and of all personal 
property as the state board of equalization shall direct. 
Assessments are adjusted to the nearest $10.00 unit. 


Two other duties of the state board of equalization 
should be mentioned in this connection. 
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(a) The right to make reappraisement of property in cases 
where it appears that property in any county or muni- 
cipal subdivision thereof has not been assessed at its 
true and full cash value and to require assessors to 
place upon the assessment roll any property which may 
have escaped taxation. : 


(b) The duty of raising or lowering the assessed value of 
any real or general property, first giving notice to the 
owners thereof and fixing a time and place for hear- 
ing to the end that the assessment laws of the state be 
equitably administered. 


The state tax commission is also charged with the duty of assess- 
ing for taxation the property of railroad, telegraph, telephone, ex- 
press, private car and other public-utility companies. In many eases 
the business and properties of such companies extend into many 
counties of the state and a fair valuation can only be made by an as- 
sessor or group of assessors who can consider the state as a whole. 
The tax commission determines the value of a utility as a whole and 
apportions this value on an equitable basis among the counties served. 
The valuation for the county is then distributed among the local 
taxing districts by the county commissioners and taxes are levied 
on the basis of the rates that apply to each unit. 


RESULTS OF THE WoRK OF THE ASSESSORS 


Kinps or Property Assessep.—The methods of assessment that 
are in use in Colorado have been described briefly. The next step 
in an attempt ta understand and appraise the tax system is an ex- 
amination of the way the assessment system has worked. What are 
its results? What kinds of property have the assessors discovered 
and placed on the tax books? Partial answers to these questions can 
be obtained from a study of the annual abstracts of assessment which 
are assembled in the reports of the Colorado tax commission. Table 
F summarizes the abstracts for certain recent years.’ 


Two striking facts which will be confirmed by the experience of 
the individual taxpayer are revealed by an examination of this table. 
Very little property that is not tangible is discovered and reported 
by the assessors. It will be recalled that the tax laws make all prop- 
erty, tangible or intangible, subject to the same assessment and taxa- 
tion. Of the groups listed in the table only two may be described as 
intangible, namely, bank stocks and money credits and accounts. 
These amount to only about 2.8 percent of the total assessed value 
of the property in the state in 1925. If bank stocks be omitted from 


1 See page 84. 
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consideration less than 1.6 percent of the total assessed property 
is found to be in the intangible classification. There will be a more 
detailed discussion of this later in the report. 


The second important fact that emerges from an examination 
of Table F is the overshadowing importance of real estate in the prop- 
erty valued by the assessors. In 1925, classifications comprising two- 
thirds of the assessed property of the state were composed wholly of 
real estate. The additional class, corporations assessed by the tax 
commission, is made up to a considerable extent of real estate and 
probably brings the proportion of real estate to total property as- 
sessed up to three-fourths. This fact makes a study of the changes 
in the assessed valuations in this special class of property of great 
importance in any consideration of the taxing system of the state. 


Table 7 shows four classes which are composed wholly of real 
estate: (1) Land and improvements; (2) town and city lots and 
improvements; (3) metalliferous mining property; (4) timber, coal 
and oil properties. The first two of these include most of the real 
estate and particular attention may be paid to them. Land and im- 
provements might well be given the designation of ‘‘farm real es- 
tate.’’ It amounted to 32.2 percent of the total assessed property of 
the state in 1925. Its proportion of the total had shown a steady de- 
cline of a small amount each year since 1921 when it stood at 34.8 
percent of the total. It had risen materially from 1918 when it was 
28.6 percent of the total. In 1912, it had been 21.8 percent, and the 
following year 24.7 percent of the total assessed value of the property 
of the state. KEmphasis should be placed on the fact that there is no 
evidence which definitely indicates that the proportion of the earlier 
years was in closer accord with the actual situation in the state than 
the proportion in recent years. The figures are presented to give 
an understanding of the situation that exists and not to condemn or 
to justify if. 


City real estate in 1925 comprised 31.1 percent of the total as- 
sessed property of the state. Its proportion to the total had shown 
a small increase each year since 1920 when it had amounted to 25.7 
percent of the total. It was a slightly greater proportion in each of 
the two preceding years. In 1912 and 1918, however, it had account- 
ed for a far greater proportion of the total assessed valuation of the 
state, amounting to 40 percent and 35.6 percent respectively. 


Enough has been said to indicate the large importance of own- 
ership of either city or farm real estate in determining an individual’s 
lability to contribute toward the support of the government. It is 
safe to estimate that for the last five years over three-fourths of the 
proceeds of general property taxes came from real estate. The gen- 
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eral property tax is the only important tax levied for school, city 
and county purposes, and it is also an important feature in the sup- 
port of the state government. 


At an earlier period, when the ownership of real estate was a 
satisfactory indication of tax-paying ability, no great objection could 
be made to this method of supporting the government. At the pres- 
ent time, when ownership of real estate taken by itself is far from 
being a satisfactory criterion of tax-paying ability, any system that 
places such great reliance on this single source is in sore need of 
change. This would be true if the assessment of real estate and of 
other types of property were working in a way which approached 
perfection. It is of more striking importance when it is certain 
that the present system is not equitable and when there is doubt 
whether any minor revision that is feasible would be sufficient to 
correct inequalities. The paragraphs that follow will point out some 
of the inequalities among holders of real estate and among holders 
of other types of property. 


RELATION OF ASSESSED VALUE TO TRUE VALUE 


As this report has already stated, real estate 1s not assessed ac- 
cording to the letter of the law, that is, at full value in cash. Court 
decisions have held that such value shall be equivalent to fair sales 
value. No attempt is made to attain this 100 percent assessment 
and it is very probable that it would not be possible to maintain 
a full assessment on this basis over any great period of time. That 
actual procedure differs from the letter of the law would not be im- 
portant if the departure from the statute were the same from one 
property to the next, from one district or municipality to the other, 
or finally from one county to another. 


Unfortunately authenticated sales figures are difficult to obtain 
without an excessive expenditure of time and money. In _ the 
present study, owners’ valuation figures were used. These figures 
were secured as an answer to the following question; ‘‘At how much 
would you offer this property to a buyer who didn’t have to buy 
and supposing that you didn’t have to sell, knowing your land as you 
do in comparison with other agricultural land in this area?’’ It is felt 
that the answer as given in most cases approached the full cash value 
of the property in question. In order to check these answers the 
valuations were verified by other men in the neighborhood who val- 
ued their own land at a like amount, unit for unit. It is believed 
that the owner-valuation figures are, on the whole, comparable, one 
with «nother, over the areas covered but it should be emphasized 
that these figures are not sales figures. 
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Figures were secured from the following districts in the State: 
Northeastern Colorado, Western Slope, San Luis Valley and Arkan- 
sas Valley. The district summaries appear in Table 8. In each of 
these districts enough records were secured that a representative 
cross-section might be shown. Assessed valuations were secured for 
the property for which owner’s valuation figures had been, secured. 
Districts were found to vary appreciably, considering assessed valu- 
ations expressed as a percentage of owner’s value. In 1925-26 the 
range between rural districts was from 80 percent in the Harmony 
district of northeastern Colorado to 34.6 percent in the Montrose dis- 
trict of the Western Slope. This indicates a range of 45 percent from 
the highest to the lowest district. 


The areas in northeastern Colorado were assessed uniformly at 
a higher figure in comparison to the owner’s value than were the 
areas in the other sections studied. In only one instance does an 
area outside of northeastern Colorado show a higher percentage than 
an area in that district. Rural real estate in the Delta County area 
was assessed at 53.6 percent of owner’s value in 1925-26 while the 
lowest percentage among the areas of northeastern Colorado, the 
Akron district, shows a percentage of 53.2 percent. 


TABLE 8.—Relationship of Owner’s Valuation and Assessed Valuation, Rural Prop- 
erty, by Districts, 1920 and 1925-1926. 


1920 
Number Assessed valuation as a percentage 
District of of owner’s valuation 
records High Low Average 
Northern Colorado * occ ccccseccsem. 262 129.3 18.0 52.0 


1925-1926 


Number Assessed valuation as a percentage 
District of of owner's valuation 

records High Low Average 
MOrbhern, WOOT Or wo icecerscerc-ce are 359 531.6 14.6 64.7 
Arkansas Valley “ 10 71.3 22.4 49.1 
San Luis Valley ... a 21 122.8 29.0 40.7 
Western Slope =... paced 30 117.5 24.0 47.0 
SWANS BS oh ig Cle eee cena eee ee ar 420 531.6 14.6 61.0 


*Includes the Northern Colorado District, @See Figure 2) and Washington, 
Yuma and Phillips Counties. 


Considering the figures for urban real estate which were secured 
in typical towns in the four sections studied together with Colorado 
Springs, one of the larger cities in the state, we find urban real 
estate assessed at a higher percentage of owner’s value than is rural 
property. The range of the district averages is from 40.7 percent 
in Monte Vista to 132.8 percent in Rocky Ford. This indicates a 
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__ Figure 5.—Comparison cf the Ratio of Assessed Value to Owners’ Estimated 
Value for Individual Prices of Rural and Urban Real Estate, 1925-1926. Bach bar 
of the rural section represents four pieces of farm property. Wach in the urban 
section represents two pieces of town or city property, The striking fact. in each 
part of the chart is the wide variation of the relationship between assessed and 
owners’ values. 
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spread of 92 percent from high to low urban. These figures appear 
in Table 9. 

The greatest significance of the owner’s valuation figure lies in 
its comparison with the assessed-valuation figure from one property 
to another rather than from one section of the state to another, or 
from one district to another. It is in this connection that the great- 
est variations are apparent, indicating that the present methods of 
assessment are inadequate to compare properties uniformly. Figure 
5 illustrates these variations. 


TABLE 9.—Relationship of Owner’s Valuation and Assessed Valuation, Urban Prop- 
erty, by Districts, 1920 and 1925-1926. 


1920 
Number Assessed valuation as a percentage 
District of of owner’s valuation 
records High Low Average 
ATICONRR RS Valley (ae ee eee 28 232.9 83.2 135.3 
Northern Colorado ae 22 80.1 13.8 42.1 
PTATS oe een Ue BCE 28 195.0 26.1 68.2 
San Minis Valley pe eee en aed 21 97.0 40.9 57.5 
Western, Slope “22.22. eee. 90 207.7 18.0 82.0 
PAD SEELCES (eee eee eee a 189 232.9 13.3 65.2 
1926 
Number Assessed valuation as a percentage 
District of of owner’s valuation 
records High Low Average 
PATE ATAAS PIV Alleys ein wy eee oe 28 232.9 83.2 132.8 
Northern Colorado aa 38 99.3 19.5 46.4 
Pininges. a 2 ee 28 98.4 80.3 66.8 
San Luis Valley ... em 21 83.3 32.9 57.1 
W Gabermn S10 DC) eee eke sccaaee 90 193.6 16.9 76.8 
PATE ID IGUTACTS 5s cere eee oe eee. ae 205 232.9 16.9 63.6 


The 420 rural properties studied in 1925-26 reveal that assessed 
valuation as a percentage of owner’s valuation on individual proper- 
ties ranged from 14.6 percent to 531.6 percent. It is recognized that 
the extreme variations at either end of the scale may be unrepresen- 
tative and the highest 10 percent and the lowest 10 percent have been 
disregarded. This gives a range from 35.0 percent to 106.0 percent for 
the remaining 336 properties and indicates a spread of 71 percent 
from high to low. The average valuation for the 420 farms was 61.0 
percent. More than half of the farms are grouped between 40 and 
80 percent, nearly 28 percent of them falling between 60 and 70 
percent. 

The 205 urban properties studied in 1926, indicated a range in 
assessed valuation expressed as a percentage of owner’s valuations 
from 16.9 percent to 233 percent. Omitting 10 percent of the cases at 
either end, the range is from 38.8 percent to 130 percent. The average 
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percentage is 63.6. Fifty percent of the properties are grouped be- 
tween 50 and 90 percent, about 25 percent of them falling between 50 
and 65 percent. In comparing the average percentage that assessed 
value is of owner’s value for urban properties, with the average per- 
centage for rural properties, it is seen that the former is nearly two 
and one-half percent higher than the latter. 


When the assessed valuation of rural real estate in northeastern 
Colorado, expressed as a percentage of owner’s valuation for 1920, 
is compared with that secured for 1925 in the same section, it is 
noted that the 1925 percentage is 12 percent higher than the one for 
1920. This indicates that assessed valuations were greater in compar- 
ison to owner’s values in 1925 than in 1920. When the assessed valu- 
ation of urban real estate, expressed as a percentage of owner’s value 
for 1920 and 1925, is considered, we find only a slight change. In 
other words, these figures indicate that there has been a more con- 
stant relationship between assessed values and owners’ values in the 
urban sections than in the rural ones. This may have resulted from 
a closer adjustment of assessed values in the cities, or it may have 
resulted simply from the fact that during the period under discus- 
sion owners’ values of farm land have been subject to greater change 
than have values of urban land. 


THe ASSESSMENT OF PERSONALTY.—About 12 percent of the prop- 
erty assessed by the local assessors may be classed as personal proper- 
ty. In Table F the groups designated livestock, merchandise, capital 
employed in manufactures, bank stock, money, credits and accounts 
and miscellaneous all include personal property. The miscellaneous 
group needs somewhat more detail than appears in Table F. Its total 
in 1925, before deducting exemptions, was $111,219,000. The two chief 
items in this total were automobiles and household property. These ac- 
counted for 42 and 26 percent respectively, of the whole amount. 
Other classes of importance were furniture and fixtures of business 
properties with 11 percent of the total, agricultural implements with 
8 percent, and musical instruments with 6 percent. Several small 
groups made up the rest. 


It has been said earlier in this report that the assessment of live- 
stock and of automobiles is fairly uniform among the various coun- 
ties. In much of the rest of tangible personalty there is little basis 
for a real comparison. Assessment is more or less by chanee. A 
piece of property once on the books is apt to stay there without a 
change of value over a period of years. 

A single example will give an indication of the situation. The 
number of clocks and watches assessed in the state was recorded in 
1925 as 18,355. That is, one person in every 55 owned a clock or 
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a watch, if we are to believe that the assessors found all property 
of this elass. If this is the situation, the inhabitants of Colorado must 
have difficulty in telling time. The lack of any uniformity is 
further revealed by the variation in average value of clocks and 
watches in the counties from $4.64 to $38.63. This is an unimportant 
group so far as the state’s assessment is concerned, but its absurdi- 
ties illustrate the haphazard way in which some types of tangible 
personalty are assessed. 


When attention is turned to the types of intangible personalty 
a far worse situation is revealed. The items ‘‘bank stock and money”’ 
and ‘‘eredits and accounts’’ include the intangible property that is 
assessed. The bank-stock item offers no difficulties to the assessors 
as banks in the state are required to make reports and taxes are col- 
lected from the banks as agents for the stockholders. The money, 
credits and accounts item which in 1925 was about two-thirds as much 
as the bank-stock item, illustrates the almost complete failure of the 
general property tax to reach intangible property. In this item are sup- 
posed to be included bank deposits, money, credits, bank accounts, ac- 
counts not evidenced in writing, promissory notes, bonds, debentures 
and all other evidence of indebtedness. No reliable figures of the actu- 
al amounts of most of these types of property are available for the 
state. No one would be naive enough to pretend that the ‘‘money, 
credits and accounts’’ item of under $18,000,000 in 1925 represented 
any substantial amount of the property of this type that should be 
assessed under the provisions of the law as it stands at the present 
time. Some county assessors appear to make no attempt to include 
anything in this class. Others include some small amounts of no 
real value so far as tax contribution is concerned. 


For the one class of intangible property, bank deposits, definite 
data exist. In 1925, the aggregate bank deposits of the state not 
including governmental deposits, amounted to about one quarter of 
a billion dollars. All of this and such deposits as residents of the 
state have in banks outside of the state are subject to assessment and 
taxation after certain debts of the taxpayer have been deducted. 
For the state as a whole, in 1925, bank deposits were report- 
ed by the assessors as amounting to less than $7,400,000 and this in- 
cluded all money, credits and book accounts for Denver and Cheyenne 
counties. The amount properly assessed as bank deposits would prob- 
ably be about $5,000,000. For a few counties chosen at random the 
figures are of interest and are contained in Table 10. 


No student of the subject will deny that the attempt to reach oth- 
er classes of taxable intangible property has met with the same lack 


46 CoLorabpo EXPERIMENT STATION Bulletin 346 


TABLE 10.—Bank Deposits and) Assessed Value of Bank Deposits in Several 
Counties of Colorado, 1925.2 


County Bank Deposits Assessment of bank deposits 
,000 omitted ,000 omitied 
JNIGUITNO EG) cc eah paces cos ceeaseeenss nese eeepc $ 1,333 
Denver - 143,093 §,5591 
Elbert ......... 918 6 
Las Animas .. a 8,775 33 
AVG ens EIT 2 Ne eee eee eae cee ree 1,018 11 


1 Includes, money, credits, ete. 


2Bank deposits from reports of Comptroller of the Currency and Annual Re- 
port of the State Bank Commissioner of Colorado (for a single call date in 1925). 
Average figures would be slightly different, but would make no change in the 
general conclusions. Assessment figures are taken from the Annual Report of the 
Colorado Tax Commission. Figures for additional counties would illustrate some 
slight differences among them, but would mainly show an almost complete lack 
of any real success at taxing this type of property. 


of success that has been shown with reference to bank deposits. This 
is not a criticism of the assessors. They have been given an impossi- 
ble task and they can not be expected to succeed in accomplishing 
it. Public opinion, rightly or wrongly, believes that the general 
property tax is unfair as it apples to intangible property and where 
it is necessary individuals will cheerfully perjure themselves in order 
to escape what they consider an unjust tax. The fact that most of 
this property can be discovered only when the individual owner is 
willing to return it makes any material improvement in assessment 
impossible until the method of taxing is changed. 

A brief summary should be made of certain inequitable results 
of the attempt to tax intangible property under the general property 
tax as it exists in Colorado at present. Owners of intangible proper- 
ty who, because of honesty, necessity or ignorance, return their prop- 
erty to the assessor have it valued at a high percentage of its real 
value and pay a tax on it which takes a high proportion of its in- 
come. Owners of bank stock have been compelled to be in this situa- 
tion and are at a disadvantage compared with owners of stock in other 
corporations that pay similar returns before considering taxes. 

The contention here is not that intangible property should pay 
nd taxes. Ownership of such property is a very real indication of 
ability to pay taxes. The fact, however, is that intangible property 
in Colorado pays almost nothing and that the method by which some 
small amount of taxes is collected from its owners makes injustice 
the necessary result. Methods of altering this situation will be dis- 


cussed later. Under the present system no great change for the better 
seems possible. 


PossIBILITIES OF _ImprROVING THE ASSESSMENT SysTEemM 


Any discussion of the ways by which the assessment system of 
Colorado may be improved must primarily consider the assessment 
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which is made by the local assessors. Inter-county adjustment for 
equalization purposes will always be necessary, so long as county as- 
sessments have any importance to the state, but in so far as the sys- 
tem can be improved in the counties, the need for state adjustment is 
reduced. It should at the outset be pointed out that no attempt is 
made to discuss ways of improving the assessment of intangibles. 
This problem must be met by changes in more than assessment prac- 
tices. 

The most important feature in the assessment system is that of 
personnel. There is general agreement among those who have studied 
the subject that properly appointed assessors can be superior to 
elected assessors. This does not mean that the simple changing of 
the assessor’s office from an elective to an appointive one will neces- 
sarily improve the system. If assessors are to be appointed, their 
selection must be based on training and knowledge rather than on 
political service. It would be desirable to have assessors appointed 
by the county commissioners and approved by the tax commission 
or by some other state body which could make definite experience 
and training qualifications which all appointees must satisfy. Ap- 
pointments must necessarily be for a term of at least six years. The 
present two-year term is obviously not long enough to give the as- 
sessor time to do more than become acquainted with the duties of his 
office. This is recognized by many counties where assessors are re- 
elected to successive terms. If assessors are appointed for long terms, 
provision should be made for removal for cause by the county com- 
missioners with the right of appeal to some impartial group not con- 
nected with fiscal affairs, possibly the supreme court of the state. 

Along with the change in the method of appointment of the 
assessor should come an increase in his annual salary. It may be 
true that certain counties cannot afford a well-paid assessor. They 
can even less afford a poorly paid one. An adequately trained man 
may be able to handle the work of more than one of the smaller 
Colorado counties. If consolidation and rearrangement of counties 
do not solve the question, it should be possible for adjacent counties 
to solve it by agreement. This may involve some loss as far as local 
pride and a position for a local man are concerned, but an improve- 
ment in the assessment system of any county should more than repay 
for a loss of this sort. The annual salary should be enough to induce 
a man to devote himself solely to the work and to make him regard 
it as a permanent profession. It is only by such inducements that 
men of training and experience can be induced to continue in this 
rather thankless position. 

It should be understood that these recommendations do not imply 
that the present assessors of Colorado are unfitted for their posi- 
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tions. The writers feel that Colorado is unusually fortunate in its 
assessors, but that a better and surer method could be adopted for 
finding the right men. It would be unfortunate, however, if a new 
system should fail to make use of the many adequately trained and 
experienced men who hold the office of assessor at the present time. 
While the man who directs the work is of supreme importance, it is 
believed that without a change in the methods of appointment, mark- 
ed improvements can be made in the work of most of the assessors’ 
offices. Means by which such improvement may be brought about 
will be suggested in the following paragraphs. 

Whether one is to consider inter-county equitability or intra- 
county equitability, adequate uniform records are essential. A per- 
manent file should be maintained subject to constant revision. Some 
of the more important items of information which should be avail- 
able at all times are the following: Court decisions, decrees, con- 
tracts, deeds and all legal instruments affecting the ownership of 
of real property within the jurisdiction of the assessor. This infor- 
mation, if secured regularly from the county clerk and other re- 
cording offices, can be made easily available. It might be well to keep 
a separate file of trust deeds, mortgages and warranty deeds which re- 
late to real property in the county. This information is valuable to 
aid in establishing values as well as fixing the identity of the owner. 

A eurrent record should be maintained as to utilization of the 
rural land of the county. Special attention should be given to roads, 
ditches and right-of-ways as these items are exempt by law from taxa- 
tion. In practice these items are, in many counties, assessed. <A 
uniform treatment should be accorded waste lands and mineral re- 
serves. In the case of waste lands these lands should be assessed at 
‘a uniform figure. Mineral reserves should be assessed to the owners 
of these reserves and this value should be deducted from the assess- 
ment of the remainder of the property value. In irrigated districts it 
would seem advisable to maintain a permanent file of water-right pri- 
orities, ditch stock, and reservoir stock pertaining to any body of 
irrigated land. Water rights are an extremely important part of 
total land value in irrigated districts. 

Land should be classified as to fertility or potential utility uni- 
formly over the state. The merits of such a system are obvious. In 
discussion of factors affecting classification, a standard is essential. 
Inter-county equality is another consideration which would seem to 
require uniform classification. State tax commission reports 
which contain a summary of the county abstracts should be 
based upon uniform classification. Such is not the case at present. 
Record should be made of land classifications and such records should 
be modified each year on the basis of the fieldmen’s reports. Since 
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enlightened assessment is based upon adequate information it is es- 
sential that land of uniformly inferior quality be distinguished from 
spotty land or land which is poor in spots only. It is probably true 
that an assessor or his deputy may remember whether a piece of land 
is assessed low because uniformly worn out or because it is spotted 
with hardpan. The successors of this assessor or any outside authority 
will not have this knowledge nor will they be able to act intelligently 
should any question of classification arise. 


Altho assessment of rural property for the purposes of taxation 
has been largely a guess, it does not follow that any guess is a good 
guess, nor does it follow that being so largely a matter of guess, aids 
in the form of score cards and detailed information should be 
shunned. Rather, assessment which is as scientific as possible is the 
only possible means of securing relative fairness and uniformity. 


Scientific assessment first supposes some standard or standards 
of value. Whether this standard should be full cash or sales value 
is perhaps doubtful, even tho so stated in the law. Since in practice 
real property is assessed in relation to other real property in the same 
area or comparable property in another area, it would seem that this 
offered some suggestions. All suggestions here presuppose a con- 
tinuation of the present system and are suggested as improvements 
which will make the present system more equitable. 


All real property, rural or urban, should be assessed on the basis 
of a score card. In the ease of rural properties those factors should 
be considered which are considered by a prospective buyer in sizing 
up the property. Among these factors should be considered distance 
from market or railroad, type of road, possibilities for use other 
than as farm land; water-right priorities, reservoir stock and ditch 
stock if any; kinds and condition of fence and of buildings; general 
character of soil; proportion of total land as agricultural land; classi- 
fication of all land. In different districts the practice will vary and 
special items will be found essential such as accessibility of free 
range, wells and their location, etc. In all cases it might be well to 
show the location of buildings on land. 

Field agents should be supplied with blanks upon which the 
above information may be assembled, together with a section map up- 
on which roads, ditches, waste and agricultural land may be classified. 
Records and maps for the previous year should be carried by the field 
agent in order that he may check against these. This check-up should 
be made annually in all its details. 

After the annual assessment has been made and the abstract 
drawn up it would seem that some sort of an open district meeting 
should be held to discuss the assessments of real property in that 
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district. The benefit to both the assessor and the assessed would be 
ereat since it would allow them to meet on neutral ground and dis- 
cuss assessments from their respective points of view. 


More widespread publicity should be accorded county tax mat- 
ters. The assessor has his part to fulfill in this task. Most tax 
notices show only the amount of the total tax levied against a certain 
piece of property. Some notices give the total tax of the owner as- 
sessed against all of his property and include the tax on his personal 
possessions as well as on his real estate. No attempt has been made 
to divide the total tax into its component parts. The levies for vari- 
ous purposes within the state, county and school district are often 
shown only on the back of the tax receipt, and may be examined 
if one should take the trouble to look on the back of his receipt after 
the taxes are paid. Each tax notice should contain this information 
and should divide the tax assessed against each piece of property into 
state, county and school district taxes. This would allow taxpayers 
to see the relative importance of the various taxes which they con- 
tribute to the support of state and local governments. It will per- 
suade them to consider their taxes not as a unit but as a sum of 
several separate taxes. This understanding is essential in fixing the 
responsibility of the various divisions to which the taxpayers contri- 
bute. Such a system is now in operation in at least one county of the 
state. 


Iii. ANALYSIS OF RECEIPTS AND EXPENDITURES 


An examination of the receipts and expenses of Colorado can 
conveniently be made by considering first those of the state govern- 
ment as such and later those of the counties and local units. The 
reason for making such a separation is based both on the different 
sources from which the units derive their revenue and the purposes 
for which these revenues are spent. These differences will appear 
as the two classes are considered. 


RECEIPTS OF THE STATE GOVERNMENT 


The receipts of the state government may be divided 
into two general classes—receipts from taxes and non-tax reve- 
nue, each of which in turn will be sub-divided and analyzed. (See 
Table 11.) For purposes of description the year 1926 will be used 
as typical.t After the situation in that year has been made clear, a 
study will be made of the changes that have taken place in the last 
twelve years. 


1 The years referred to in the discussion of the receipts and expenditures of 
the state government are the fiscal years ending November 30 of the year mentioned. 
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In 1926 taxes accounted for about 70 percent of the total revenue 
receipts of the state government. The remaining revenue consisted 
of fees, sales, rents, interest, fines, subventions, grants and gifts. The 
largest item falling in this second revenue group is commonly desig- 
nated as earnings of general departments. It is composed mainly 
of fees and charges made by the various departments of the state 
government to those who make special use of the departments’ serv- 
ices. This item amounted in 1926 to 13 percent of the total revenue 
receipts of the state government. Nearly half of this was collected 
by educational institutions and most of the remainder was accounted 
for by those classes of the state government receipts designated as 
protection of person and property, and charities, hospitals and cor- 
rections. A group of revenues designated as subventions, grants and 
donations accounted for 10 percent of Colorado’s receipts. Almost 
all of this came from the federal government and nearly three-fourths 
of it was given for the purpose of road building. Subventions to 
education and agriculture made up practically all of the rest. Re- 
ceipts from interest and rent made up over 6.5 percent of the total 
receipts of the state. This group of revenues was derived about 
one-third from sinking funds and two-thirds from public-trust funds. 
Receipts from fines, escheats and from assessments made up the re- 
mainder of the non-tax items and amounted to less than one-half of 
one percent of the total receipts. 

An analysis of the 70 percent of the receipts of the state gov- 
ernment coming from taxes is of more direct interest to the tax 
payers of the state than is the amount derived from other sources. 
About 37 percent of the total receipts of the state government in 1926 
came from the general property tax. The gasoline tax yielded over 
13.5 percent of the total. The inheritance tax contributed nearly 
6 percent, the motor-vehicle heense tax about 5.5 percent, business 
license taxes and corporation taxes for charters and on stock amount- 
ed to 6.5 percent, the greater portion of which came from the tax on 
insurance premiums. Fish and game licenses yielded 1.5 percent of 
the total. 

From the point of view of agriculture, it is of interest to ana- 
lyze these receipts in an effort to determine the proportion of them 
that is contributed directly or indirectly by farmers. It has been 
estimated that over one-third of the assessed value of the property of 
the state is farm property. It is thus proper to assign roughly 12 
percent of the total state receipts to contributions from the agricul- 
tural population thru the general property tax. It has also been 
estimated that it is not an over-statement of the case to assign to ag- 
riculture for motor-license fees 1 percent of the total revenue receipts 
of the state; that is, about one-fifth of the state receipts from this 
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souree. Farm automobiles probably use more than their proportional 
share of gasoline and to caleulate that the gasoline-tax contribution 
of farmers in 1926 amounted to 3 percent of the total state revenues 
would not over-state the case. The agricultural contribution in the 
form of inheritance taxes is probably less than 1 percent of the total 
revenue. The total in fish and game licenses may be estimated as 
about the same amount. 


It is difficult to determine how much farmers pay on the busi- 
ness taxes levied by the state. It is certain that the insurance-pre- 
mium tax is passed in considerable proportion to the buyers of in- 
surance. Possibly 1 percent more of the total revenues of the state 
is collected from agriculture by this means. No attempt will be 
made to go farther afield or to attempt to compute the amount of 
taxes levied on and paid by transportation companies and other pub- 
le utilities which are shifted to agriculture or to estimate the in- 
crease in cost to agriculture of various articles caused by state taxa- 
tion on the firms which are doing business with the farmers. 


On the basis of the estimate that has been made, it is certainly 
under-stating the case to say that about one-fifth of the revenue of 
the state government is derived from agriculture. This amounted 
in 1926 to over three million dollars in all and to over $50 per farm. 
Stated in another way it amounted to about $12 per capita of farm 
population, or to over $16 per capita of farm population over 10 
years of age." 

It is of interest not only to know the condition in 1926, but also 
to know what changes have occurred over a period of years. Table G* 
indicates the proportion of total revenue receipts of the state gov- 
ernment that has come from each of the important sources for the fis- 
eal years ended in 1926, 1922, 1918 and 1914. It will be noticed at 
once that the receipts from the general property tax amounted in 
1926 to a materially smaller proportion of the total than in the previ- 
ous years, particularly in 1918 and 1922. From the point of view of 
the owner of real estate it is possible that this means a smaller rela- 
tive burden of taxation. Whether this is true depends on the source 
of the revenue that is replacing that formerly derived from general 
property. 


1Farm population figures of the 1925 census of agriculture are used in making 
this estimate. The basis for the estimate that farm property comprises over one- 
third the assessed value of property in the state rests on the fact that property 
wholly agricultural in nature, i. e., land and improvements, livestock, tractors, and 
agricultural implements and machinery, accounts for over 85 percent of the assessed 
property. Add to this one-fifth of the value of automobiles and one-sixth of the 
other items not urban in nature and the percentage exceeds 37. Farm automobiles 
have been estimated by the Farm Journal as 22 percent of the total registration of 
the state. Farm population in 1925 was about 250,000 out of an estimated total of 
slightly over 1,000,000. Hence to use one-sixth as the proportion of personal prop- 
erty belonging to the farm group seems conservative. 


2See page 85. 
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The only other material changey in the proportion, of tax reve- 
nues for the years under consideration are related to the taxation of 
automobiles. The gasoline tax first appeared in 1921 and in 1926 
produced over one-third as much as the general property tax. <Auto- 
mobile-license revenues have shown an increase both in amount and 
in the proportion which they are of total revenue. The poll tax has 
disappeared as a part of the state revenue system. Business license 
and corporation taxes have not materially changed in their propor- 
tion to total revenue. Proceeds from the inheritance tax are neces- 
sarily erratic. In recent years they seem to have become slightly less 
important as a part of the state revenue than in earlier years. 


In the non-tax revenue group two important changes have taken 
place. Rents and interest, while showing some increase in amount, 
have been becoming of less relative importance. Subventions, grants 
and gifts have materially increased in the proportion which they are 
of the state’s revenue. This has been due almost wholly to the fed- 
eral aid given for highway purposes. The proportion that non-tax 
revenue bore to total revenue in 1926 is only slightly different from 
that of 1914. The changes in the relative proportions of the various 
important types of revenues from that year to 1926 are illustrated by 
Figure 6. 


The comparison of the different sources of revenue is of import- 
ance mainly from the fact that it indicates the proportion of the cost 
of maintaining the state government which is derived from different 
groups and that it may point toward the possibility of developing 
new sources which will relieve those made use of at present. The 
study of state expenditures that follows is designed to indicate the 
trend of expenditures for the various purposes and to furnish the 
basis for a critical examination of them. 


EXPENDITURES OF THE STATE GOVERNMENT 


Total state and local disbursements in Colorado in 1925 were re- 
ported by the state auditor as amounting to $88,543,139.96." 


This includes a considerable amount of duplication. For ex- 
ample, remittances of the state government to the counties were re- 
ported as $3,938,091 and remittances of the counties to the state gov- 
ernment were $5,747,847. By reducing the respective amounts by 
these sums the total is reduced below 79 millions. Many other elimi- 
nations would be necessary in order to present a net figure for all 
government units of the state. Total state expenditures less amounts 
remitted to the counties amounted in 1925 to $13,139,474. This may 


1 State Auditor’s report 1924-26, page 59. 
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be estimated as less than 20 percent of the net governmental expendi- 
tures of state and local units. Emphasis is placed on this feature in 
order to prepare for the consideration of county and local expend1- 
tures in later sections of this chapter. 


Expenditures of the state government will first be analyzed for 
the fiscal year 1926 and then their development will be traced thru 
the period 1914 to 1926. The analysis is based on material gathered 
by the United States Bureau of the Census and on reports of the state 
treasurer and auditor. In general, the census classifications will be 
followed as they simplify comparisons from year to year and with 
other states. Total expenditures are first divided into what are 
termed governmental-cost payments and non-governmental-cost pay- 
ments. The latter group consists of book transactions which do not 
decrease the assets of the state and for purposes of this study need 
no consideration. Governmental cost payments are divided into three 
general groups, expenses, interest and outlays. The distinction be- 
tween expenses and outlays depends on the nature of the thing for 
which the governmental unit spends its money. Expenses are ex- 
penditures for which no permanent or lasting possession is received 
by the unit concerned. They consist mainly of payments for services 
rendered, for property rented and for materials that are used in the 
maintenance of the government. Outlays include the cost of land, 
improvements and other acquisitions of the unit concerned which add 
to the number and value of its more or less permanent possessions. 
Interest is used in this classification with its ordinary meaning—the 
payment by the state of charges on debt, both funded and floating. 


The total expenditures for state governmental purposes in 1926 
amounted to $15,830,123. (See Table 12.) Of this 64.5 percent fell in 
the expense classification, 31.9 percent was classed as outlays and 
3.6, percent as interest. Over 91 percent of the interest charge was 
on funded debt. 


The expenses of general government accounted for 5.0 percent 
of the total. The cost of collecting revenue, the expenses of the 
judiciary, the maintenance of general government buildings con- 
stituted over two-thirds of these expenses of general government. If 
the year under discussion had been, one in which the legislature had 
been in session, expenditures for that branch of government would 
have been about the same as for the three purposes just mentioned. 
This fact explains the alternating increase and decrease in the cost- 
of-government item year by year. The cost to the state of protecting 
persons and property was 4.6 percent of the state’s expenditures. 
Conservation of health costs less than one percent of the total and 
various miscellaneous expenditures about 1.5 percent. Chief among 
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the latter are costs for the maintenance of soldiers and sailors in 
state homes and the cost of distributing state funds and investment 
funds. 


Three major items of the state expense—education, charities and 
correction and highways—deserve more detailed discussion. The 
amounts spent for education consist of a very small amount for super- 
vision and the rest, 22.4 percent of the total expenditure of the state, 
for state educational institutions and for distribution to the local 
districts. The former purpose took over three-quarters of the total 
and the latter slightly under one-quarter of it. The amounts distri- 
buted to local districts consist of the returns from the public-school 
permanent fund and other receipts for the use of school land, all of 
which was collected and distributed by the state as an agent for the 
local units. 


The total spent by the state for charities, hospitals and insti- 
tutions of correction amounted to $2,026,190 or 12.8 percent of the 
total expenditures of the state. Of this 21 percent went to maintain 
the state charitable institutions, chiefly those for the deaf, blind and 
mute. Hospitals cost 47.8 percent of the total for this classifica- 
tion. The latter item was divided with somewhat less than 60 percent 
going to support institutions for the insane, 30 percent to general 
hospitals and a little more than 10 percent to institutions for the 
feeble minded. Prisons, reformatories and other institutions of cor- 
rection cost $627,455 or 30.9 percent of the total placed under the 
charity, hospital and correction classification. This amount was al- 
most evenly divided between institutions for adults and those for 
minors. A very small amount of the total, 0.3 percent, was spent 
for general supervision. 


In 1926 the expenses of the state for the maintenance of high- 
ways was $1,679,991 or 10.6 percent of total expenditures. This par- 
ticular item should not be considered without keeping in mind the 
fact that the major expenditure for highways is in the form of an 
outlay item for new construction rather than in the form of an ex- 
pense item. Of the total spent for maintenance 5.8 percent went to 
support the supervising department, 36.8 percent to pay the costs of 
roads maintained by the state, and 57.4 percent in apportionments to 
pay the costs of the maintenance of roads by units other than the 
state. 


Outlays made for highways, institutions of higher learning, the 
fish and game department, and the school for the deaf and blind, 
account for 95.9 percent of the total outlays made in 1926. It is 
to be expected that the amounts spent on the purchase of land and on 
the construction of buildings and other improvements will vary from 
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year to year, altho the highway item will be consistently large 80 
long as the building of an extensive state highway system is contin- 
ued. If all the state educational institutions are considered, their out- 
lay items will be fairly regular from year to year, altho any single 
institution may have little or no expenditures of this sort one year 
and large expenditures the following. The amounts spent in 1926 
for the construction of highways amounted to 77.4 percent of the 
total outlays. Those spent for outlays by institutions of higher learn- 
ing were 14.0 percent; for the fish and game department, 2.4 percent ; 
and for the school for the deaf and blind, 2.1 percent of the total. 


Figure 7 illustrates the way the state’s expenditures were distri- 
buted among the various purposes. This is simply a summarization 
in graphie form of the information that has been presented in the 
preceding pages. It depicts the situation in 1926, and gives some 
indication of how the distribution of expenditure has changed since 
1914 by presenting similar data for that year. 


Total state expenditures have increased from $4,189,042 to $15,- 
830,123 or 278 percent during the period from 1914 to 1926. It should 
be recalled, however, that the population of Colorado has increased 
about 17 percent and that it took approximately $1.71 in 1926 to buy 
the same amount that $1.00 would buy in 1914.1 


If these two factors are taken into consideration, a real increase 
of shghtly under 89 percent per person is estimated as the change 
in Colorado’s state expenditures. This figure needs some qualifica- 
tion also, as Colorado’s taxpayers in 1926 were buying thru their 
state taxes far different things from those which they bought with 
the same means in 1914. The development of a state-highway sys- 
tem is one illustration of this. The vastly expanded institutions of 
higher education furnish another. While no one will deny the need 
of economy. in expenditures of the state and other units of govern- 
ment, drastic curtailment of such spending should only be made when 
it is certain that the proper objects of governmental expenditure will 
not suffer. From the point of view of agriculture, an expansion of 
state activity would be desirable so long as such expansion should 
take the form of the financing by the state of activities that are now 
financed by the local units. Reasons for this are fairly evident, but 
they will become more clear after the succeeding section of this re- 
port on local, that is county and district, receipts and expenditures 
has been studied. 


Expenditures of the state for the years 1914, 1918, 1922 and 1926 
are compared in Figure 8. This shows the increase in absolute 


_ 1 This is based on the Snyder revised index of the ge ri } 
Review of Economic Statistics, Vol. X, No. 1, p. 49 (Feb. 10 ig le as 
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amount over the period covered and also indicates how the propor- 
tions of the total devoted to the various items of expenditure have 
changed thru the period. It has already been shown that the money 
expenditures of the state have increased greatly since 1914, and that 
the total for 1926 was 278 percent above that for 1914. It will be of 
general interest to compare the increases in the various items. Hx- 
penses were 163 percent above their 1914 level, interest payments 028 
percent, and outlays 1658 percent. If increases in population and 
changes in the purchasing power of money are taken into account it 
has been indicated that the real increase per capita for all expendi- 
tures was about 89 percent. The real increase of the items in the 
expense classification was slightly under 34 percent, of the interest 
payments about 314 percent, and of the outlay items about 878 
percent. 

Of the important expense items, development and conservation, 
education, highways and charities and corrections showed the great- 
est increases. Real expenditures per capita in the development and 
conservation classification, that is, expenditures adjusted for the in- 
crease in population and the decreased purchasing power of money, 
were about 128 percent greater in 1926 than in 1914. The major 
portion of this increase went for the development of agriculture. 
Edueational expenditures in 1926, adjusted on a similar basis, were 
51 percent greater than those in 1914, the greater portion of the in- 
crease going to the state educational institutions of higher learning. 
The real expenditures of the state for highways in 1926 were about 
161 percent greater than those of 1914. The great expansion of the 
state’s highway system during the period makes this increase a nat- 
ural development. The real expenditures per capita for charities, 
hospitals, and institutions of correction in 1926 were about 78 per- 
cent greater than the amount spent in 1914. large increases in 
this group came from expenditures for the insane and feeble mind- 
ed, the maintenance of a general state hospital, non-institutional ex- 
penditures for the deaf and blind, and expenses for the institutional 
care of children. It is of interest to point out that the real expendi- 
tures per capita for the protection of persons and property, and for 
general state government were higher in 1914 than in 1926. 

The outlays of the state were in 1914 confined almost wholly to 
three groups—recreation, education, and charities and corrections. 
They formed less than 7 percent of the total expenditures of that 
year. Outlays fluctuate within wide limits from year to year, and 
thus a study of the changes that use figures covering only a few 
years 1s of less value than a similar study of expenses. It is also 


true that the classification of outlays has been somewhat changed 
during the period covered. 
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The proportion of the total expenditures taken by the various 
important items has changed during the period that has been studied. 
This is most noticeable when the proportion between expenses and 
outlays is compared. In 1914 and 1918, outlays took 6.8 percent and 
7.6 percent of the total, while in 1922 and 1926, this group took 46.0 
percent and 31.9 percent of the total. The bulk of this change is 
caused by the outlays for highways, none being recorded for the 
earlier years, while in the two later ones such outlays took 34.1 per- 
eent and 24.7 percent of the total state expenditures. 


Expenses were 90.0 percent and 89.6 percent of all expenditures 
in the earlier years, and were 52.2 percent and 64.5 percent in the 
two later ones. In view of the decreases in the proportion of the 
total, a similar decrease would be expected in the individual items. 
The status of these items, so far as the changes that have occurred 
since 1914 are concerned, will be seen from Table 13, which com- 
pares the percentage that each item is of the total expenses. Such a 
comparison makes the contrast much clearer than does the presen- 
tation in Table H, where the proportion that each item of expense 
bears to total expenditures is shown. 


TABLE 13.—Percentage of Expenses Devoted to Various Purposes, State Government, 
Colorado, 1926, 1922, 1918 and 1914. 


Purposes 1926 1922 1918 1914 
Percent Percent Percent Percent 

PATER MERDONSES: Gp Ne tines nearer eee 100.0 100.0 100.0 100.0 
General Government —...2-5 ee oe COIs 8.8 8.0 13.4 
Protection of persons and property ..... 7.2 9.5 8.3 23.0 
Development and conservation, ete. . 9.4 8.9 6.9 5.5 
Conservation of health, ete. 0.0.02... 133 1.6 0.9 ahal 
POWAY er ee ee 16.4 12:5 19.6 8.4 
Charities, hospitals and corre 19.8 18.8 17.3 15.0 
Education : og 35.7 37.6 29.6 81.6 
Recreation -.... 0.1 0.1 0.6 0.1 
Miscellaneous 2.4 paae) 8.8 1.9 


Education was the most important of the expense items in each 
of the years studied. Its proportion of the whole was somewhat 
greater in the two latest years than in the earlier ones, altho 1926 
shows some decline from the highest relative point which this par- 
ticular type of expenditure had reached. Charities, hospitals and 
corrections take, at the present time, next to the greatest proportion 
of total expenses. This particular class increased in each of the 
years under discussion, altho its total relative increase is slight. High- 
way expenses took only 4.8 percent of the total in 1914, rose to 19.6 
percent in 1918, fell to 12.5 percent in 1922, and reached 16.4 per- 
cent in 1926. Conservation of health has shown a steady increase 
since 1914. Protection of persons and property and general govern- 
ment both took a higher proportion of expenses in 1914 than in 1926. 
The first of these in 1914 had its costs augmented by unusual ex- 
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penses for the state militia, and the second by large expenses of 
several groups of the executive and judicial branches. The only other 
item of expense large enough to need separate consideration is that 
classified as ‘‘miscellaneous’’ in 1918. It is accounted for by the ex- 
pense of the various war activities of the state. 

The material that has been presented should give an adequate 
idea of the changing emphasis of expenditures during the years that 
have been discussed. Figure 9 combines certain of the data that 
have been presented previously and illustrates the fact that over 
60 percent of the state’s expenditures combining expenses and outlays 
in 1922 and 1926, went for highways and education. If the expen- 
ditures for charities, hospitals and institutions of correction be add- 
ed to these, 75 percent and 77 percent, respectively, of the total for 
each of the two years will have been accounted for. These items 
took barely more than half of the total in 1914 and about 66 percent 
of it in 1918. Their present importance is worth emphasizing, as 
they represent a type of expenditure which is of great importance 
to the state, and which cannot be materially reduced without great 
difficulty. 


LocaL GOVERNMENT 

It will not be possible to examine the receipts and expenditures 
of the local units with the detail and the exactness that have been 
used in the study of the state government. The basic data on which 
such a study must rest are not available as the county figures have 
not been assembled by the office of the public examiner of the state 
in as great detail as have the state data and it has been impossible 
within the lmitations placed on this study to assemble any large 
amount of information from the individual counties. <A detailed pre- 
sentation of data for the counties would be impossible except in a 
report of great length. For these reasons, only the outstanding points 
relating to county and local receipts and expenditures will be men- 
tioned here and detailed discussion of individual counties will be 
postponed to a later report. 

Average collections per year for the five years 1921 to 1925, in- 
elusive, reported by the treasurers of all the counties of Colorado, 
amounted to $53,683,875 or to about $54.21 per eapita for these 
years. Of this an average annual amount of $44,367,733 was in the 
form of tax collections and $9,315,642 was classed as miscellaneous 
receipts. Thus 82.7 percent of the total amount collected by the 
counties was derived from taxes. The tax on general property was 
the source of practically all of this. 

Before analyzing the expenditures of the counties it will be of 
interest to compare the total county receipts with those of the state 
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government. In 1925 revenue receipts of the state government 
amounted to $15,888,116 and the receipts of the county treasurer to 
$57,380,145. That is, the county receipts amounted to only a little less 
than. four times those of the state. From the point of view of the 
general property tax, the difference is even more striking as the 
amount received by the state from general property was only $5,844,- 
144 while the tax collections of the counties amounted to $45,995,627. 
It should be noted that the difference is not quite as great as the last 
two figures would indicate, as the county figure includes the state 
levy of the general property tax and it also includes certain minor 
taxes other than that on general property collected by the county 
treasurers. 


A comparison of the average tax levies in the state gives a slight- 
ly more accurate basis for this comparison. The total average levy 
for all units in the state in 1924, was 28.01 mills. Of this 3.70 mills 
went to the state, leaving the counties, towns, school districts and 
other local units an average levy of 24.31. It is, then, approximately 
accurate to state that of the total tax burden on general property, 
over 85 percent goes to the local units while less than 15 percent is 
taken by the state. 


The local levy on general property is nearly six times as great 
as the state levy on the same property. This is emphasized in order 
to point out the fact that the farmer’s direct tax burden is caused 
in large part by local collections and expenditures which are only 
indirectly affected by the action of the state government. If the esti- 
mate that farm property pays over one-third of the general property 
tax, omitting that levied for town and city purposes, is used, an aver- 
age tax contribution for the year 1926, of about $54 per capita of 
the farming population, of $73 per capita of the farm population 
above 10 years, is indicated. By using the same basis for the compu- 
tation, a tax contribution of nearly $235 per farm may be estimated.t 


These figures may, be combined with those on, page 55 and the 
following estimate of total farm contribution to the state and local 
government units arrived at: Tax contribution per farm, about $255 ; 


per capita of farm population, $59; per capita of farm population 
over ten years of age, $79. 


It should be pointed out that the state government has access 
to many sources of revenue which are not available to the local units, 
and if it were to take advantage of them the small contribution that 
is now made by the general property tax to the state government 


< 1It should be noted that this estimate does not include gasoline, automobile 
license or other state tax apart from general property tax. The farm-population fig- 
ures and the total number of farms are taken from the 1925 census figures. 
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eould be given up. Such possible changes, together with their rela- 
tive advantages will be set forth later in this report. It is also neces- 
sary to remember that some of the local expenditures are made in 
accordance with the requirements of the state legislature and that no 
town or school district is wholly able to discontinue or, in some eases, 
even to decrease support of some of the activities that it is under- 
taking. 


A most important factor to be considered in connection with local 
taxation is the use that is made of the money collected. It may be as- 
sumed that over a period of years all money collected in taxes or by 
other means will be spent. Few units will go on year after year piling 
up surpluses to their credit. A study of expenditure will then not 
only indicate what the tax money is being spent for but it will also 
give a fairly close idea of the amount that is being collected. 


From the reports classifying disbursements of the various coun- 
ties there have been computed for the years 1921 to 1925, inclusive, 
per capita figures for total disbursements, county expenses, road ex- 
penses and school expenses. These figures are contained in Table 14. 
The county-expense classification includes the general operating ex- 
penses of the county’s governmental units. The other two classifi- 
cations are self-explanatory. For the period covered, total per capita 
county disbursements averaged $53.71 per year. Of this amount 
$6.95 per capita were classed as county-government expenses, $6.45 
as expenditures for roads and $20.22 as expenditure for schools. Ex- 
penditures by cities and irrigation districts and a small item classed 
as ‘‘miscellaneous’’ made up the total. It will be seen that school ex- 
penses took 38 percent, county government 13 percent, and roads 12 
percent of the total. These three items together with that classed as 
‘‘miscellaneous expense’’ would cover two-thirds of the total. Most 
of the rest was classed as city expense, with between 5 and 6 percent | 
of the total being spent by the irrigation districts. 


The presence of Denver County figures in those just quoted makes 
the road-expenditure item seem rather less important than it otherwise 
would. Omitting this county, the average per capita total becomes 
$57.07 ; county expense, $7.89; road expense, $8.88; and school ex- 
pense, $21.72. This makes the percentage of the total that goes 
toward county government amount to 14; that spent for roads almost 
15, and for schools to 38, and makes these three items amount, in all, 
to over two-thirds of the total. 

It is natural that the per capita amounts vary among the counties 
altho large variations may reasonably call for some explanation. 
Total per capita disbursements varied from $114 per year in Cheyenne 
County to $31 in Baca. Figure 10 illustrates this variation and indi- 
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PER CAPITA EXPENSES FOR 


COUNTY ROADS SCHOOL TOTAL 
COUNTY O 25 (@) 25 O 25 0 50 100 
ADAMS cat gatacna py eas =—/ 
ALAMOSA prrere — 
ARAPAHOE pe 
ARCHULETA ET 
BACA ara @) 
BENT Vi7i7T 
BOULDER pO 
CHAFFEE araFe = 
CHEYENNE ZEEE Ee 
CLEAR CREEK TS 
CONEVOS BATT 
COSTILLA Peri 
CROWLEY 064s e 
CUSTER 
DELTA 
DENVER 
DOLORES ararava? @ 
DOUGLAS “AFF 6 aT aA. 
EAGLE PERT 
ELBERT RU) 
£L PASO 47674) 
FREMONT Pee 
GARFIELD "ava FasaFa I~ aa) 
GILPIN Pore 
GRAND TAFeFe FAFA. 
GUNNISON (a7avaya vere. a) 
HINSOALE (7a¥a¥ara la lara aay ae 
HUERFANO 
JACKSON yo 
JEFFERSON 
KIOWA 
KIT CARSON — 
LAKE | 
LA PLATA 
LARIMER rer 
LAS ANIMAS Perr 
UNCOLN 1707670507. OD 
LOGAN prarery——— 
MESA 27474767. 
MINERAL ava a7a7a7. a 
MOFFAT "rave? ea) 
MONTEZUMA crapanay an 
MONTROSE pea 
MORGAN RAE 
OTERO 
OURAY 
PARK Fa Fala 2aFe alee) 
PHILLIPS ——a 
PITKIN a 
PROWERS byes 
PUEBLO bm 
RIO BLANCO mia 
R10 GRANDE pe) 
ROUTT | _ Peer 
SAGUACHE boa 
SAN JUAN | asaya ave 
SAN MIGUEL 7aFa7a7e eal 
SEOCWICK beret: 
SUMMIT rrr 
TELLER | boy 
WASHINGTON U4ve 474. 
WELD av aPaIEYs 
YUMA Oavaren ame 
STATE AS A WHOLE al 
STATE AS A WHOLE | | 
OMMITTING DENVER ayarare mm 
1 js TEs Gas IE | 
County, road, and schoo/ expenses C A/l other expenses 


SOURCE: ESTIMATED POPULATION 1923 FROM UNITED STATES CENSUS ESTIMATES. TOTAL DISBURSEMENT 
FIGURES FROM THE BIENNIAL REPORT OF THE AUDITOR OF THE STATE oF COLORADO. 


_ Figure 10.—Per Capita County and Local Disbursements by Counties, Colorado, 
Five-Year Average. 1921-1925. County expenses are those devoted to general govern- 
mental purposes in the counties. The school and road classifications are self ex- 
planatory, All other expenses include irrigation-district charges, city expense and 
a miscellaneous group which amounts to about three percent of the whole. All 
expense items are figured in dollars per person residing in the county in 1923. 
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TABLE 14.—Per Capita Disbursements by Counties of Colorado, 
Five-Year Average, 1921-1925, 


Per Capita Per Capita Per Capita Per Capita 


County Total County Road School 

Disbursements Hxpenses Expenses Expenses 

Dollars Dollars Dolars Dollars 
SUTURE ested ao oceans etree ey nase 74.24 9.59 9.93 19.28 
Alamosa ao 77.01 9.74 9.89 25.29 
Arapahoe 46.04 6.39 5.29 20.56 
Archuleta 38.65 7.99 8.38 14.49 
Bea es 31.19 4.75 6.96 13.03 
Bent .... 39.01 d.15 4.45 15.93 
Boulder 49.34 5.71 1.23 19.69 
Chaffee 42.60 9.54 6.05 16.62 
Cheyenne .... 114,25 11.48 17.54 52.66 
Clear Creek 58.96 13.57 10.92 18.06 
Conejos 42.47 6.60 5.70 15.73 
Costilla 39.51 10.41 7.52 10.56 
Crowley 67.08 7.00 8.65 25.33 
Custer 38.88 8.25 12.51 11.75 
Delta = 46.79 5.96 8.44 20.74 
Denver -. 44.84 4.45 1.385 16.26 
Dolores 43.28 13.43 13.00 11.65 
Douglas 80.45 14.384 21.08 28.88 
Eagle . 68.27 12.50 21.59 23.74 
Elbert ..... 59.01 6.14 14.64 25.68 
El Paso 59.38 7.01 6.15 25.04 
Fremont 45.79 6.26 ees 20.82 
Garfield 66.41 12.31 14.16 26.76 
Gitpin’ = 68.81 19.53 14.00 23.83 
Grand eee 61.00 13.21 25.07 13.85 
Gunnison = 70.43 15.21 17.30 20.60 
Hinsdale ..... ae 98.78 23.83 43.57 20.66 
Huerfano ie 36.75 6.12 5.08 18.21 
Jackson TAS 14.56 cal iil 16.29 
Jefferson 45.77 7.20 8.21 18.80 
Kiowa. 22a. 89.59 10.83 12.26 39.72 
Kit Carson = 74.69 8.80 13.10 26.61 
Bakey 23 22 ae 45.85 12.78 4.81 14.58 
La Plata = 45.84 7.36 7.80 19.00 
Larimer 57.87 9.27 9.99 21.25 
Las Animas 37.70 86 3.94 17.63 
Lincoln ....... 61.98 9.46 12.41 25.74 
Logan 74.62 TAT 8.25 24.45 
Mesa) 2432 60.61 9.05 9.00 20.67 
Mineral 65.60 12.54 23.60 15.23 
Moifat.) 2.= 47.21 8.61 11.06 15.47 
Montezuma 44.06 7.34 10.68 18.06 
Montrose 54.90 10.04 9.63 23.20 
Morgan 69.40 6.45 6.60 20.70 
Otero 49.91 5.26 5.18 20.01 
Ouray 64.53 19.38 14.63 16.77 
Park ees. 107.11 22.09 41.80 23.94 
Phillips 66.75 7.94 8.52 28.110 
Pitkin 60.60 24.10 10.05 14.94 
Prowers . are 50.15 5.84 6.24 19.47 
Prieplomse ae 50.99 5.56 4.11 19.31 
Rio Blanco . ee 60.85 9.03 15.66 26.02 
Rio Grande — PSR oe ay 64.91 6.94 6.66 30.19 
Route 4-.2.-0 enone reenten eee 50.57 9.76 8.77 19.82 
SA Stacia! eee ercsere es eee 90.44 11.81 18.52 29.31 
Sari ecat Poe ee oes. a 60.43 21.30 10.96 15.75 
San Miguel ......... eee 50.5 12.12 11.55 15.96 
Sedgwick  ........ : tS 92.03 8.48 12.45 27.24 
Summit Bada 93.60 19,21 26.35 31.54 
Teller et 52.39 13.47 7.84 14.18 
Washington  ....... ee 59.18 7.32 11.05 22.85 
Wield eee a 72.10 7.45 8.26 PARRY G 
Yuma 52.18 6.43 8.87 22.75 
Statevas a whole 2-22. 53.71 6.95 6.45 20.22 

State as a whole 

Omitting Denver 2c... 57.07 7.89 8.38 21.72 


Source: Estimated population 1923 from United States Census estimates. 
Total Disbursement figures from the Biennial Report of the Auditor of the State 
of Colorado. 
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cates the proportion that each of the three principal expense items 
other than city expenses forms of the total. It was thought that there 
might be a relationship between total per capita expenses and popula- 
tion but a study of the figures shows that the single factor of pop- 
ulation has no great influence on total per capita expense. 


The item designated as ‘‘per capita county expense’’ ranges 
from $24.10 in Pitkin County to $4.75 in Baca County and $4.45 in 
Denver. In this expense item it is to be expected that the population 
influence will make itself felt. Not only is Denver County low 
but among the 24 counties in which the per capita expense was $7.50 
or less, only 5 had a population below 10,000 and none had a popula- 
tion below 6,700. At the other extreme there were 21 counties with a 
per capita expense of over $10.50, no one of which had a population 
as high as 10,000 and only 5 of which had populations above 5,000. 


Many of the items in the cost of county government must remain 
constant even tho the population increases materially. It is possible 
that by the consolidation of certain Colorado counties or by a con- 
solidation of certain of their functions, rather marked economies 
might be achieved. This is a subject which calls for a more detailed 
investigation than can be given here. 


The item of road expense per capita also shows the influence of 
population altho it is by no means as striking as in the case of county 
expenses. Of the 23 counties where the item for road expense is over 
$11.50 per capita none has a population of more than 9,120 and only 
six have populations of more than 5,000. Of 23 counties with a road 
expense of less than $8.50 per capita only one has less than 5,000 pop- 
ulation and only seven, less than 10,000 

This particular item of expense will be expected to show a closer 
relationship to the density of population than to the population itself ; 
that is, when area and population are both taken into account there 
should be a more direct relation than when only one of these fac- 
tors is considered. This would be particularly true in a state where 
there was a general uniformity in the physical features of the coun- 
ties. It can be expected to follow only partially in one where certain 
of the counties are located in the plains and others in the high moun- 
tains. Counties in the latter location will naturally have to pay far 
more per mile for roads than will those of the former. In spite of 
this qualification it is found that each of the 15 counties with a 
density of population of three or less to the square mile had a per 
capita road expense of over $10 and that the four counties with a 
density of population of less than one per square mile had road-ex- 
pense figures of $44, $31, $24 and $42, respectively. The effect of 
the density of population at the other end of the seale is not so clear 
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altho of the 18 counties with a population of over 10 per square mile 
only one, Gilpin, had a road expense of over $10 per capita. These 
figures should be compared with the average per capita figure for the 
state, omitting Denver County, for road expenses of $8.38. 


The conclusions that may be drawn from a consideration of road 
expense are somewhat similar to those derived from the consideration 
of county expenses, altho the remedy will be a different one. The 
counties with small population and large area, particularly in those 
sections of the state where road building is expensive, are compelled 
to pay a large amount per capita for their roads. Some additional 
equalization from state funds should make these differences less op- 
pressive. <A detailed attempt, however, to equalize the highway ex- 
penditures of the state should not be attempted until more data, con- 
cerning the use and benefits of highways as well as abilities of people 
in different sections of the state to pay for them, are available. In 
connection with the use and benefit of highways, attention should be 
called to the extensive surveys recently made in certain states by their 
highway commissions in cooperation with the Bureau of Public Roads © 
of the United States Department of Agriculture. 


The financing of schools is to be considered in a separate report 
of this series and only brief attention will be given to the subject here. 
The per capita expense of schools varies from $10.56 in Costilla Coun- 
ty to $39.72 in Kiowa and $52.66 in Cheyenne. Here the influence 
of total population seems to be of little importance. Density of pop- 
ulation, however, has some influence in determining per capita ex- 
pense, but there are many other influences which are of more im- 
portance. 


It is worth while to call attention briefly to some of the inequali- 
ties among different sections of the state in their ability to support 
schools, altho the subject can only be suggested in this report. It 
will be treated at some length in a later one. Table 15 lists the 
total assessed valuation of the counties of the state together with 
their assessed valuation per school child as shown by the school cen- 
sus, and per pupil enrolled in school. On the census basis there is 
a range of assessed value per school child of from $2,356 in Conejos 
County to $18,030 in Park County. Considering this factor alone, 
Conejos County would have to apply a tax rate nearly eight times 
as great as that applied in Park County in order to supply the same 
amount to be expended for each school child. It must be admitted 
that assessed value and true value may be very different. It is be- 
lieved, however, that in spite of certain differences among the coun- 
ties that are introduced by this factor, a comparison such as is pre- 
sented is not too inaccurate to be significant. Certainly Park County 
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assessments are not eight times as high when compared with true 
value as those of Conejos County. 


TABLE 15.—Comparison, by Counties, of Assessed Valuations and Number of School 
Children, 1925-1926. 


Total Number of Assessed Total number Assessed 
County Assessed school valuation per enrolled valuation 
valuation children school child in schools per pupil 

(School census) enrolled 
INGER oh eee Pe $ 31,771,520 4,865 $ 6,531 4,158 $ 7,641 
Alamosa _ 9,846,936 2,301 4,062 2,152 4/343 
Arapahoe 21,175,010 5,189 4,081 4,346 4,872 
Archuleta ... 4,550,250 1,104 4,122 676 6,731 
IBACa enn. ... 10,004,707 2,393 4,181 2,062 4,852 
Bent)... .-- 13,588,251 2,414 5,629 2,165 6,276 
Boulder 47,273,532 9,545 4,953 [, 052 6,260 
Chaffee 10,489,660 2,051 5,114 1,578 6,647 
Cheyenne . 16,937,730 1,290 13,130 1,085 15,611 
Clear Creek 5,424,380 596 9,101 508 10,678 
Conejos 8,482,960 3,600 2,356 2,916 2,909 
Costilla 5,244,260 1,774 2,956 1,319 3,976 
Crowley : 9,798,990 2,048 4,785 1,848 5.317 
Custer ..... .. 3,114,268 533 5,843 401 7,766 
Delta --- 15,555,771 5,176 3,005 4,051 3.840 
Denver . .. 416,604,690 77,828 5,388 62,178 6,700 
Dolores 1,630,444 370 4,407 249 6,548 
Douglas .. 10,788,479 966 11,116 941 11,412 
Hagle ....... os 6, 22,163 854 7,637 803 8,122 
Hilbert LT. 990852 2,232 8,064 1,933 9,311 
El Paso ... 70,999, 530 12,315 5,765 10,471 6,781 
Fremont 21,496,797 6,223 3,454 5,334 4,030 
Garfield 16,760,930 2,784 6,020 2,537 6,607 
Gilpin 2'636 555 267 9,875 283 9,316 
Grand. ....... 4,683,230 656 7,139 573 8,173 
Gunnison 15,633,235 1,614 9,686 1,334 11,719 
Hinsdale ,990 55 6,071 117 8,043 
Huerfano .. 15,960,350 6,667 2,394 4,786 3,335 
Jackson ...... .- 3,677,870 301 12,219 256 14,367 
Jefferson . ... 20,411,450 5,313 4,839 4,519 5,690 
Kiowa  ........ .. 14,353,803 1,390 10,326 1,182 12,680 
Kit Carson 2G: 076, 536 3,242 8,043 2,838 9,188 
Lake .. 7,706,810 1,761 4,376 1,107 6,962 
La Plata 15,264,755 3,958 3,857 3,109 4,910 
Larimer _........ .. 55,278,060 9,348 5,913 8,393 6,586 
Las Animas .. 42,308,393 13,475 3,140 10,378 4,077 
Lincoln =" ae 22/623, 650 2,843 7,958 2,593 8,725 
Logan .. ... 36,891,095 6,359 5,801 5,206 7,086 
Mesa ..... 29,712,195 7,944 3,740 6,846 4,340 
Mineral 1,486,650 1ST 9,469 124 11,989 
Moffat ..... 6,572,136 1,448 4,539 1,159 5,671 
Montezuma 6,296,535 2,263 2,782 2,019 3,119 
Montrose 12,464,845 3,883 8,20 3,683 3,431 
Morgan 28,299,506 5,830 4,854 5,415 5,226 
Otero 34,495,560 6,788 5,082 6,526 5,286 
Ouray ... .. 4,020,672 491 8,189 461 8,722 
Parke. .. 8,510,030 472 18,030 341 24,956 
Phillips .. 14,914,875 1,863 8,006 1,675 8,904 
Pitkin .. 4,448,460 647 6,876 515 8,638 
Prowers .. 21,770,175 8,951 5,510 3,770 5,775 
Pueblo ........... .. 74,263,765 20,691 3,589 15,249 4,870 
Rio Blanco . .- 9,291,040 918 5,764 706 7,494 
Rio Grande _ .. 10,483,371 2,819 3.719 2,820 4,505 
RO Utte eee .. 14,605,183 2,775 5,263 2,362 6,183 
Saguache .. 11,151,184 1,942 5,742 1,425 7825 
San Juan ...... .. 8,613,684 315 11,472 216 16,7380 
San Miguel .. .. 6,742,990 1,046 6,446 981 6,874 
Sedgwick 9,985,115 1,818 5,492 1,627 6,137 
Summit 4,501,909 358 12,575 299 15,057 
Teller es 7,004,030 1,360 5,150 1,068 6,558 
Washington .. 23,503,472 3,660 6,422 3,241 W252 
eldih 222— ... 106,102,390 18,432 5,756 16,190 6,554 
VGUUIND) cee ene Br 25,236,990 4,612 5,472 4.030 6,262 


SUGHES) " eeasoveerecreresoere 1,540,732,487 301,788 5,105 250,087 6,161 
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Another qualification needs to be attached to this comparison. 
The density of school population in Park County is much less than 
that in Conejos County, with the result that the costs per pupil in 
the latter county are below those in Park County. This difference 
is far from correcting the difference in ability between the coun- 
ties, and the fact that there is greater expenditure in Park County 
arises partly from the fact that this county is able to spend more, 
not that it has to spend more. 


It should be noted that while Park and Conejos counties are 
extremes, there are a number of others that illustrate very large dif- 
ferences in valuation per school child. Twelve counties have an as- 
sessed valuation per child of less than $4,000 and fourteen have one 
of over $8,000. While the average for the state is $5,105, only 27 
counties out of the 63 in the state are within $1,000 of this average, 
1. e., between $4,105 and $6,105. 


Figures computed for the assessed valuation per child enrolled 
in school show the same pronounced differences among the counties. 
So far as present expenses are concerned, this is perhaps a more 
important figure than the one based on the school census. The num- 
ber of children enrolled in the schools of a county is a chief factor 
in determining its expenses of education. Hence, the total value of 
property in the county divided by the number enrolled in its schools 
will give a fair indication of the difficulties that a county may have 
in meeting its educational costs. 


Park and Conejos counties again provide the extremes, the form- 
er having $24,956 of assessed value on which to levy taxes for each 
pupil enrolled, and the latter an assessed valuation of only $2,909. 
The average for the state as a whole is $6,161, but there is so much 
deviation from this average that only 23 counties are found within 
$1,000 of it, 1. e., only 23 counties have an assessed valuation per 
pupil enrolled in their schools of from $5,161 to $7,161. Ten coun- 
ties, Cheyenne, Clear Creek, Douglas, Gunnison, Jackson, Kiowa, 
Mineral, Park, San Juan and Summit have more than $10,000 of 
assessed value for each pupil enrolled in their schools. It should be 
noted that a small number of pupils rather than a large assessed value 
is responsible for most of these high figures. Six counties have less 
than $4,000—Conejos, Costilla, Delta, Huerfano, Montezuma and 
Montrose. While the enrollment in these counties averages higher 
than in the ten counties with a valuation of above $10,000 per pupil, 
in only Delta, Huerfano and Montrose is the enrollment as high as 
the average for the counties of the state, omitting Denver, so that it 
is safe to assume that the low average valuation cannot be entirely 
due to a high enrollment. 
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A similar lack of equality exists within many of the counties. As- 
sessed-valuation figures for each school district have been compiled 
in Lineoln County and a range of from $3,322 to $40,919 per census 
school child was found to exist. Computed on the basis of the number 
of pupils enrolled, the range was from $4,319 to $52,298. While the 
general county school fund tends in some measure to counteract such 
inequalities, it can be realized that equal educational opportunity can- 
not be given to the children of these districts without placing exceed- 
ingly heavy burdens on the taxpayers of those districts where the 
assessed valuation per pupil is small. In this particular county the 
school levy on general property in 1927 varied among the districts 
from 4.49 to 23.27. It should be understood that a certain amount 
of this difference may come from inequalities in assessment. If it 
does, this is itself an indication of the need for readjustment. Even 
assuming something of the sort, there is left a great enough variation 
to eall for serious thought. 


When the expenditure for education is considered on the basis 
of per capita of county population, a wide range of costs is again 
revealed. For the years 1921 to 1925, Cheyenne County with a per 
capita expenditure of $52.66 ranked highest and Costilla County with 
$10.56 was lowest. It is naturally expected that where the popula- 
tion of a county is small the per capita contribution to education 
will be high. The fact that this is to be expected does not make such 
contribution easy for the taxpayer, particularly in those counties 
where the per capita wealth and income are small. Per capita ex- 
penditure in Cheyenne County was greatly in excess of the next 
highest county, Kiowa, which had a per capita annual expenditure of 
$39.72 for education over the five-vear period. Two other counties, 
Rio Grande and Summit, spent over $30.00. At the other extreme 
there were eight counties in addition to Costilla which spent less than 
$15.00 per capita. Twenty-one counties fall in the $15.00 to $20.00 
group, 16 in the $20.00 to $25.00 group, and 13 in the $25.00 to 
$30.00 group. The average per capita expenditure for the state 
as a whole over the five-year period was $20.22.1 


There are contained in Tables IT and J certain measures of 
economic ability which may be compared with total per eapita 
county expenditures. Several of these measures are merely indica- 
tions of such ability rather than definite statistical data. They are, 
however, of the most recent and definite type available and are pre- 
sented with the idea that they will he of use in comparing the rela- 


1 The figures that have been quoted in this paragraph were com f ; 
. ; g ; e s ag t puted from the 
biennial reports of the auditor of the state of Colorado. They differ slightly from 
the figures reported by the state superintendent of public instruction because of a 
different fiscal year and because of differences in methods of computation. 
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tive burdens placed on the inhabitants of the various counties of 
the state. 

Briet attention should be paid to certain of the data which appear 
in Table J. Per capita taxable wealth has been based on assessed prop- 
erty. It will be recognized at once that such a figure is subject to a 
wide margin of error. While equalization among the various counties 
in Colorado is perhaps as exact as in the majority of the states of the 
union, no one would claim that it is in any sense accurate. The per 
capita disbursement figure is also subject to shght qualification altho 
the fact that it covers a five-year period probably irons out inac- 
euracies which would appear if a single year had been used. It will 
be noticed first, that counties with a high per capita taxable wealth are 
in general those counties where the the per capita disbursements are 
high. The variation, however, between per capita taxable wealth in the 
wealthy and the richer and the poorer counties and per capita dis- 
bursements in these counties is by no means close. A county with 25 
percent of the per capita taxable wealth of the richest counties pays 
out approximately 50 percent as much in per capita disbursements. 
Such a study might profitably be carried on in individual counties 
and figures presented showing that counties of almost the same per 
capita taxable wealth have rather large variations in their per capita 
disbursements, but such an analysis would require more space than is 
available and may profitably be made by the reader for those counties 
in which he is interested. 

The final point to be reiterated in connection with county wealth 
and expenditures and which should be made with particular emphasis 
in the discussion of school expenditures, is that there is a large amount 
of inequality among counties in wealth and that expenditures are by 
no means equivalent to the differences in wealth. It would seem 
that certain of the expenditures which are now on a local or county 
basis should be changed to an inter-county, or possibly state-wide 
basis, thereby bringing a greater measure of equality among the dif- 
ferent sections of the state. 

There is the problem here that always arises when it is proposed 
to aid certain sections of the state at the expense of the rest. It will 
be argued that, if certain parts of the state have economic advantages 
that enable their inhabitants to secure better incomes than can be 
secured in other parts of the state, any attempt to counteract such 
advantages will have an undesirable effect on the development of the 
state. It must be admitted at the outset that, if it were proposed to 
grant any special aid to the maintenance of agriculture or to any 
other industry in a way that would promote the expansion of agricul- 
ture or industry in areas poorly adapted to such expansion, this 


1 See pages 86 and 87. 
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argument would have great weight. The suggestions that are to be 
made have no such intentions. 

It is urged that certain waste which comes from duplications 
caused by the attempt to maintain units of county government in 
sections, where the population does not justify such government ex- 
pense, be eliminated. While further study will be necessary before 
it can be definitely indicated where these readjustments must take 
place, there can be no objection to them from the point of view of 
encouragement of uneconomical production. Eliminations of waste 
governmental effort are always desirable, the only controversial points 
being a definition of what is waste and agreement on a method for its 
elimination. 

The changes in methods of financing schools and roads that have 
been suggested may seem more open to objection. So far as roads 
are concerned, however, the proposal is simply that the extent to 
which roads are serving different groups be ascertained and where it 
is found that the roads are only partly local that a greater amount of 
state or federal support be given them. This is not subsidizing a local- 
ity or even levying taxes on the basis of ability to pay. It is simply an 
effort to make the larger units which benefit from the use of the 
roads pay for their support. 

If the school question be considered on the benefit basis, several 
divergent lines of argument may be followed. It will be held that 
the local district or county benefits from good schools, as it certainly 
does, and that no wider unit is in any way interested. On the other 
hand, there are those who will argue that if a section of the state 
is not able to supply good schools there are many reasons from the 
point of view of social welfare why the whole state should be respon- 
sible for assisting that section. From another angle, it will be argued 
that the country is educating its children and sending many of them 
to the cities. Is it fair to place the whole burden, or a large part of 
it, on the less wealthy rural section and then give much of the results 
to the cities? Many people believe that the children of all the state 
should be given educational opportunities that are as nearly equal 
as possible. There certainly is no way that such equality can be given 
in Colorado except by the readjustment of school units and by the 
supplying of part of their support on a state-wide basis. 


IV. RECOMMENDATIONS FOR CHANGES AND 
ADDITIONAL RESEARCH 
The study that has been summarized in the preceding pages of 
this report has only covered a few aspects of the Colorado tax SYS- 
tem. For this reason most of the recommendations to be made must 
be tentative in form. So far as some important features of the sys- 
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tem are concerned, no definite recommendations can be made with- 
out a far more exhaustive examination of the results of the present 
system. Where this is true, the preliminary suggestions will have 
as their objects the indications of new lines of attack on the prob- 
lem rather than a definite method by which it can be solved. The 
changes that may be made should have the following general objec- 
tives: 

1. The broadening of the tax system so as to take advantage of 
sources of ability to pay taxes, which now make little or no contribu- 

tion to the cost of government. 


2. Altering the general property tax so as to make it fairer to 
all concerned. 

3. Changing the method of support of various governmental 
activities. 

4. Making possible additional economies in various governmen- 
tal functions. 


(1) New Sources or Tax Revenue.—In distributing its tax 
burden, Colorado uses a relatively small number of indications of 
ability to pay taxes. The possession and use of tangible property, 
including automobiles, forms a basis for collecting almost all of the 
tax revenue for state and local uses. Taxes on an insignificant 
amount of intangible property, levies on inheritance and business and 
other so-called license taxes, account for all that is collected from 
other sources. Thus, much Colorado wealth makes no direct contri- 
bution to the support of state and local government. 


Two outstanding methods of broadening the tax system, suggest 
themselves. Intangible property might be made to pay some part 
of the cost of government. Income might be used as a basis for a 
part of the tax system. Each of these will be considered in turn. 


In a number of states it has been found possible to collect a con- 
siderable amount of revenue from intangible property by taxing it at 
a lower rate than tangible property. When only a small portion of 
the income of such property is taken by taxes, it has been found 
that some of the owners are willing to report it to the assessors and 
a fair amount of it contributes to the revenue system. <A tax of 50 
cents on a hundred dollars of market value would take on the average 
only about 10 percent of the income of intangibles. The tax payer 
who owns such property should appreciate the fairness of this tax 
as compared with the present tax which, if it were applied accord- 
ing to the letter of the law, would take from 30 to 60 percent of 
such income. Even under such a change it will be difficult to secure 
a satisfactory adjustment, of this problem without many changes in 
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administration, but the state should consider making a start by elassi- 
fying intangible property and taxing it at a low rate. 


An income tax is no longer an experiment. The federal govern- 
ment collects a vast amount of revenue by such means. ‘T'welve states 
tax individuals on the basis of income. Such a tax, properly ad- 
ministered, will bring a fair amount of revenue into the public treas- 
ury and will secure some of this revenue from many who at present 
make slight or no direct contributions to the support of government. 
Too much, however, should not, be expected from an income tax in 
Colorado. At rates which would be politically practicable, it is doubt- 
ful whether in the early years of the tax more than $2,000,000 or 
$2,500,000 could be raised. While such an amount is by no means to 
be despised, it needs to be recalled that if it all should be applied to 
the reduction of the state levy on general property it would reduce 
that by less than 50 percent. In 1924 the state levy on general 
property averaged only about 13 percent of the total levy. In other 
words, the income tax might make possible a reduction of from 5 
to 6 percent of the levy on general property. This assumes that it 
would all be applied to this purpose. 


In spite of the fact that a state income tax cannot be made to 
yield a large enough sum to reduce materially the burden on general 
property, it is felt that its introduction would be decidedly worth 
while. Income is generally acknowledged to be the fairest basis for 
taxation. Many incomes represent tax-paying ability that is not at 
present directly touched by existing taxes. The addition of an in- 
come tax will broaden the tax base of the state and will be of some 
assistance to those groups in the state which are now most heavily 
burdened. 


ALTERATIONS IN THE GENERAL PropEeRTY Tax. — The first 
method of broadening the tax base, namely, the classification of prop- 
erty for tax purposes and the use of a lower rate on intangibles, in- 
volves a change in the general property tax. It has been discussed 
above and needs no further mention here. 


Other changes in the general property tax involve either changes 
in principle or in administration. Desirable changes of the latter 
sort have to do mainly with the methods of applying the present 
assessment system and have been discussed in detail earlier in this 
report. 


It has been urged by some that the whole basis of assessment as 
practiced at present is wrong and that the principles of the system 
need changing. The use of a so-called sales-value figure as the meas- 
ure of the tax-paying liability of a piece of property has been widely 
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eriticised. While it is felt that much of this criticism is correct, it 
is believed that the direction which change ought to take has not 
been charted definitely enough to make a recommendation on the sub- 
ject possible. More research toward the discovery of equitable assess- 
ment principles seems badly needed. It is believed that there may 
be a possibility of working out a system which will make some closer 
reflection of the income-yielding ability of property than sales value 
the measure of taxpaying liability. Such a system has not yet been 
accurately outlined or tested. Until it has been and until some as- 
surance has been given that it will work, no definite recommendations 
for change in this direction can be made. 


(3) CHanerne Units or Supprort.—tIt has been suggested at 
various stages of this report that certain activities of government could 
be carried on more economically and more equitably if the governmen- 
tal units maintaining them were to be altered. Roads and schools 
form excellent illustrations of the possibilities in this direction. <A 
wider use of state funds and supervision in the construction and 
maintenance of roads is certainly justified by the use to which roads 
are put. Such a change should make possible economies in planning 
and in actual work. The responsibility of the state toward the edu- 
cation of its children will be denied by few. The fact that without 
state assistance there can be no such thing as equality of educational 
opportunity is not open to doubt. The extent of the inequalities that 
exist and the methods of removing them need more study than they 
have thus far been given, altho the details rather than the principles 
involved need elarification. 


(4) Economi&s IN GOVERNMENTAL FuNcTIONS.—This subject is 
suggested here mainly as a field for further study. No one doubts 
that there is opportunity for a reduction in many of the costs of 
government without curtailing the services that the government sup- 
plies to its people. Duplications caused by county governments which 
were planned in the day of the horse and wagon rather than the motor 
ear and inefficiency arising from the maintenance of an excessive 
number of small school units are typical of many that might be cited. 
Analysis of fiseal conditions in typical taxing districts of all sorts and 
sizes in many sections of the state need to be made, and on the basis 
of such studies general plans for more efficiently supplying the serv- 
ices that the government must furnish the people may be suggested. 


Progress in this direction need not wait, however, for adoption of 
general plans. <A study of counties or even of school districts will 
reveal opportunities for better buying, for consolidation of functions, 
or for the lopping off of unnecessary extravagances. Such studies 
would be designed (1) to ascertain if waste, particularly preventable 
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waste, exists in the unit examined, and (2) to indicate methods by 
which such waste can be reduced. They would examine the expen- 
ditures to see, not only how much was being spent, but also what was 
being received by the taxpayers in return for their expenditures. 
Unit costs for various services could be compared with costs in simi- 
larly situated communities. 


The planning of receipts and expenditures on the basis of ap- 
proved budgetary methods should certainly form part of the study 
in any section where such methods are not in use. Such planning, 
by itself, will often open the way to saving. 


It should, however, be emphasized that analyses of the sort men- 
tioned need to be directed by individuals trained in such work. It is 
oniy by such expert direction that results of value can be expected. 
It is also urged that the cooperation of the governmental officials of 
units concerned be secured and be used. Thru their help much mis- 
directed energy can be eliminated. Their natural suspicion will be 
largely avoided, if they understand the purposes and methods of 
the studies. 


Efficient economy in public expenditures can only come when the 
work of the governmental units has been so analyzed that it is possi- 
ble to determine whether money is being effectively used for the 
greatest public good. Such analysis, however, is but one step toward 
the desired result. Public opinion must be so educated that it will 
demand that the results of studies be applied to the every-day work 
of the governmental units. 


The process here is really a twofold one. Research can bring 
certain possibilities to the attention of the general public. Then the 
people, convinced that the economies are practicable, can urge public 
officials to adopt them. Thus research in public expenditure has 
not only the responsibility of discovering the facts, but must also 
place these facts before the people in such a way that they can ef- 
fectively demand that the standards of collective consumption be 
raised and that new economies be used in public business. 
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TABLE A.—General Property Taxes and Net Rent of Farms in Five Agricultural 
Districts of Colorado, 1919, 1923, 1925 and 1926. 


Net Rent Relation 
Number Per Acre Taxes of Taxes 

District Year of Acres (before de- Per to 
Farms ducting taxes) Acre Net Rent 


Number Number Dollars Dollars Percent 


Northern Colorado ........ 1919 76 19,891 3.71 1.18 31.8 
1923 116 29,796 2.93 1.16 39.6 
1925 161 41,934 Pa?) 1.00 36.6 
1926 91 25,637 3.50 .89 25.6 
Parise ee aes eee, LOLD 124 50,669 1.40 .28 20.4 
1923 171 62,662 .96 36 36.9 
1925 229 92,299 91 32 35.6 
1926 113 50,293 .63 34 53.9 
Western Slope ................ 1919 il 1,697 6.10 leila) 18.2 
1923 31 3,811 4.09 1.54 37.5 
1925 43 5.531 8.27 inal 18.2 
1926 27 2,327 6.17 1.98 32.0 
Arkansas Valley ............ 1919 28 5,488 9.11 1.59 17.4 
1923 37 9,873 3.48 1.28 36.8 
1925 51 12,225 3.62 1.28 Bi 
1926 26 5,482 3.89 ality 30.0 
Southeastern Colorado 1919 9 4,580 2.13 Aa) 10.4 
1923 pip? 10,921 1.13 20 17.2 
1925 32 16,486 79 19 24.3 
1926 15 5,884 OL ales 54.5 


TABLE B.—Taxes and Profits of Privately Owned Electric, Gas, Water and 
Telephone Utilities, Colorado, 1922 and 1923. 


Type Number Net profit from Percentage 
of Year  report- Total operation be- Taxes of net 
utility ing revenues fore deduct- acerued profit tak- 
ing taxes en by taxes 

Dollars Dollars Dollars Percent 

NITE Bagi re eee 1922 5d 6,422, 253.14 2,592,950.04 637,600.83 24.6 
1923 54 9,489,860.75 4,452,482.06 761,929.19 iil 

Gra Spee terete 1922 8 857,263.96 175,714.25 53,556.72 30.5 
1923 9 2,523,568.74 421,475.08 228,473.52 54.2 

Water pee te 1922 21 200,958.58 83,795.64 29,938.21 835.7 
1923 22 199,561.40 73,786.95 28,098.95 38.1 

Telephone ......... 1922 56 6,128,922.12 1,633,220.39 641,001.59 39.2 
1923 61 6,341,020.50 1,749,960.36 666,552.71 38.1 

All reporting .... 1922 140 13,609,897.80 4,485,680.382 1,362,097.35 30.4 
1923 146 18,554,011.39 6,697,654.45 1,685,049.37 25.2 


Source: Tenth and Eleventh Annual Reports of the Public Utilities Commis- 
sion of the State of Colorado. 
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TABLE C.—Taxes and Incomes of National Banks, Colorado, 1919-1926. 


: a) +» 4b 
ef se 28 hues 
mS aU fo} Coie) ee 
Bee Skog Ease Seheg 
n n 3 o Ho oO TS: A = Bo iv) 
S es oo 2 ow SC” oak goo Hog 
ens 2 | n nes SHA Sach Ge) ones 
Ee aa aod g S89 8) sagt og) Bags 
soa ae Pon oa ) a.5% © SOs o 
Sas 2° Shs § S8¢ S82 geee gees sents 
1926 Dollars2 Dollars2 Dollars2 Dollars2 Percent Dollars2 Percent 
119 5,959 484 4,082 1,927 PARAL 666 eK 
Se 6 7,283 381 4,980 2,303 16.5 1,203 eulbre 
Pueblo 2 861 94 526 335 28.1 221 42.5 
1925 be 6) 
126 6,021 584 4,204 1,817 29.4 819 65.2 
Sener 9 7.293 398 5,153 2,070 19.2 1,267 81.4 
Pueblo 2 784 97 462 822 30.1 322 30.1 
Cc Gre 130 6,108 586 4,299 1,804 32.5 692 84.7 
bn cuver 9 7,992 296 4,977 3,015 9.8 1,869 15.8 
Pueblo 2 37 92 391 346 26.6 175 52.6 
1923 
132 6,229 621 4,297 1,932 By za 797 79 
Beate: 9 5,796 362 4,328 1,468 24.7 1,195 30.3 
Pueblo 2 V72 89 360 412 21.6 347 25.6 
1922 _ 
Colorado 133 6,562 661 4,486 2,126 311 965 68.5 
Denver 8 5,508 292 3,816 1,692 17.3 931 31.4 
Pueblo 2 755 80 353 403 19.9 110 (Mth 
1921 a 
Colorado 183 7,297 756 4,782 2,515 30.1 1,597 AT 
Denver 8 5,981 361 4,327 1,654 21.8 825 43.8 
Pueblo 2 1,022 Lit 372 650 11.8 404 1 
1920 
Colorado 131 6,936 699 4,042 2,894 24.2 2,518 27.8 
Denver 8 5,428 271 3,673 1,755 15.4 1,427 19.0 
Pueblo 2 787 78 330 457 algal 408 19.1 
1919 : 
Colorado 120 5,963 530 3,338 2,625 20.2 2,394 22.1 
Denver 5 4,441 314 2,909 1,532 20.5 1,454 21.6 
Pueblo 2 850 64 315 585 12.0 495 12.0 


Source—Annual report of the Comptroller of Currency. 1 Not including losses 
charged off or recoveries on charged off assets. 2 000 omitted. 


TABLE D.—Number of Corporations Reporting Net Income and No Net Income, 
Colorado, 1919-1925, 


Active corporations Inactive corporations 


reporting no reporting no 
Total teporting net income net income net income 
Year number — = 
of cor- Percentage Percentage Percentage 
porations Number of total Number of total Number of total 
1919 6,704 3,107 46.35 3,597 SiGe meee 1h pl ee 
1920 6,812 2,976 43.69 3,836 56.31 Real Pes 
1921 6,559 2,340 35.68 3,048 46.39 1,176 17.93 
1922 6,855 2,720 39.68 2,784 40.61 1,351 19.71 
1923 6,344 2,636 41.55 2,936 46.28 172 ley 
1924 6,494 2,891 44.52 3,043 46.86 560 8.62 
1925 6,399 2,983 46.62 8,242 50.66 1741 2.72 


Data from Statistics of Income, 1919-1925, United States Bureau of Internal Revenue. 


1 Inactive corporations are not reported separately for 1919 and 1920. They 
are included in the total number of active corporations reporting no income. In 1925 
only inactive corporations, the businesses of which are not given, are included in the 
inactive column. Other inactive corporations are included with the active corpora- 
tions reporting no incomes. 
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TABLE G.—Percentage of Revenue Receipts from Various Sources, 
State Government, 1926, 1922, 1918 and 1914. 


Source 


1926 


General Property Tax 
Corporation SS AEs gts 
TE ODT, 2d BY: Is gRam cg pe eye ee, 
Inheritance Tax 
Corporation Filing Tax ree 
Business Taxes! 22s a 
Gasoline Tax 
Fish and Game Licenses 
Motor Vehicle Licenses -. 
Permits 


Assessments for High- 

way Uukeep 
Assessments for High- 

way Outlay 
Fines and HEscheats 
Subventions, Grants and Gifts . 
Rents and Interest 
Earnings of General Departments... 


Total Revenue Receipts 


37.0 


= : 
DAS ROO 


#iPRONNSA: bo 


1922 1918 1914 
Percentage Percentage Percentage Percentage 
47.4 55.7 43.9 
1.3 2.9 1,1 
0.2 1% 2.4 
3.7 4.3 8.9 
0.8 0.7 see 
3.7 4.8 6.4 
PA a gos 
1.2 1.2 3.3 
3.8 2.6 wes 
0.1 0.1 1.3 
64.7 74.0 67.3 
CE sxx 
0.2 0.1 0.5 
11.6 2.2 3.1 
Coil 10.9 13.8 
12.4 12.8 15.3 
100.0 100.0 100.0 


Computed from Financial Statistics of States, U. S. Bureau of Census. 


*Less than 0.05 percent. 


TABLE H.—Percentage of Governmental Cost Payments of the State Government 
Devoted to Various Purposes, 1926, 1922, 1918 and 1914, 


Purpose 1926 1922 1918 1914 
Percentage Percentage Percentage Percentage 
All governmental GOSts) 2 pce 2-..sceccne 100.0 100.0 100.0 100.0 
Wxpenses == Lota yx cesctsceeeoeeaeseeeeee 64.5 52.2 89.6 91.0 
General Government ~...........-..-:2:00- 5.0 4.6 7.2 12.2 
Protection of persons and property 4.6 5.0 7.5 20.9 
Development and conservation, ete. 6.0 4.7 6.2 5.0 
Conservation of health, etc. .. 0.8 0.8 0.8 1.0 
SPT SMV ALY Soak eso cance ces eaaaes sores acaseeseep spe 10.6 6.5 17.5 UT 
Charities, hospitals and 
CORTOCHIONIS! Ooo ccesecte ter dane .-ceeeeeeeaes 12.8 9.8 15.5 13.6 
Education -.... 23.1 19.5 26.5 28.7 
Recreation ...... 0.1 0.1 0.5 0.1 
MINS COLIATIGOUIS Gee ceereetcemtaseserecoseererenees 1.5 1.2 7.9 1.8 
RARE TS Ee reas. tes eats Pe ccce ee cep cnaiaeemorsveactneetncs 3.6 1.8 2.8 2.2 
(Oho be bebo fet reed bay iW oye neers aaneEr ee 31.9 46.0 7.6 6.8 
General Government ........ ee 3.8 0.6 aesores 
Protection of persons and “property 0.1 3.4 prs 0.3 
Development and conservation, ete. 1.0 (1 ee 0.1 
Conservation of health, ete. . one ae ee 2 
Highways 24.7 34.1 
Charities, Hospitals and 
corrections 1.4 1.7 27 1.3 
Education ...... 4.5 3.3 4.3 1.4 
Recreation . .... Ton Sc ee 3.5 
Miscellaneous 0.2 a Se 0.2 


Computed from Financial Statistics of States, U. S. Bureau of Census. 


*Less than 0.05 percent. 
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TABLE I.—Density of Population, 1924. 


Density of 


Estimated Population 

County Population Area in Square Per Square 

1924 Miles Mile 
PAYG Guna ch ymeese ace Nt Pays bode eS NTN, eran eens 16,939 1,262 13.4 
Alamosa ee Posaetaaa maceee 5,376 127 (4 
PATTEM UMIOO) pene a. sez acres eaeeseee he er 15,353 842 18.2 
Arehuleta —-.2..-..:. Pot Soiore 3,720 1,220 3.0 
IBC al ieee ee ee ee 11,534 2,552 4.5 
URS YAY ees eg coteoe esa aan cos i 11,818 1,524 7.8 
Boulder pee 32,005 764 42.6 
(QUERY Fok eprner eter err 7,811 1,083 TZ 
Cheyenne ae = 3,773 aaa 21 
lease Cree a ee ee es ue 2,891 390 74 
(COVES: Sora ee eens att 8,788 1,252 7.0 
Costilla ; 5,203 1,185 4.4 
Crowley 7,262 9.0 
Custer 2,274 147 3.0 
Deltawene 13,668 1,201 11.4 
Denver 276,027 4759.1 
Dolores ...... 1,516 1,043 1.5 
Douglas 3,663 845, 4.3 
Eagle ...... 3,567 1,620 2.2 
Elbert .... 7,728 1,857 4.2 
El Paso 44,346 2 2d 20.9 
Fremont ... 17,883 1,557 11.5 
Garfield 9,304 3,107 3.0 
Gilpin 1,364 132 10.3 
Grand 3,021 1,866 1.6 
Gunnison 5,590 3,179 1.8 
Hinsdale 538 971 6 
Huerfano . be 18,491 1,500 12.3 
HEV CUS ON Nw open cae rene Reena pera ee Oe 1,488 1,632 29 
Jefferson hes 14,476 808 17.9 
Kiowa .......... i’ 4,143 1,798 2.3 
TCH” KOE WAGON | Sy hase Meer SNe epre on ee bet eres 9,563 2,159 4.4 
Walken — 6,630 By el 17.9 
rae ait ay ge Se ee eee ee ee 11,402 1,851 6.2 
Larimer ....... pee 29,052 2,629 ii lait 
Las Animas me 41,392 4,809 8.6 
TOT GC GY GS age aS et oe oP ek Ee ene 9,339 2,570 3.6 
TO a aoe ee ee 22,449 1,822 123 
INTC a) Ameer oe ec eee eo ene ae ee Acne ace 22,318 3,163 (ail 
2 GUS AW Sats Bao See ee SN Recent tre etn ee ae T19 866 9 
IVE GEG e tiger ove) oo hae ee ee en 6,206 4,658 1.3 
Montezuma : tease Peake 6,817 2,051 3.3 
DEOMUEROSG) eke reek ee ee Pa ee 12.558 2,264 5.5 
Morgan ..... Be eee ee 19,090 1,286 14.8 
OOM cere ee ee ee 25,735 1,259 20.4 
Ouray 2,620 519 5.0 
avraell ie 1,977 2,242 9 
Phillips . <— epees 6,549 688 9.5 
atkins a BE ee le ee 2,707 1,019 PILE 
Prowers oon 15,803 1,630 9.7 
PUe lon eee 60,092 2,433 24.7 
Rio Blanco = 3,497 3,223 ieab 
TR Ong Gate ain Cl eee eee terete ee eee ete 8,441 898 9.4 
OM ites eee en ee Se 10,824 2,309 4.7 
Saguache ... nae 2 4,854 3,133 1.5 
San Juan .... Axle 33 1,700 453 3.8 
Sani ste] 22 aa eee eee 5,544 1,288 4.3 
Sedgwick Bs ss 4,727 531 8.9 
Summit peer can aS 1,724 649 2.7 
Uyeda eo Bie a eden yee oo rey ae ee 6,696 547 12.2 
Washingtor 13,566 2,521 5.4 
Weld Se Seve ec yeti aeeRe a ec etree eee teenie 60,803 4,022 15.1 
NYE UUIAD ane ser horn et nie See hcg names IE en ere ‘16,343 2,367 6.9 
SU ELU Cite Reese ek ce, See ser sce oti Be Se 1,003,355 108,658 9.7 


Sources: Population estimated from United States Census Reports. 
Area in square miles from Colorado Yearbook, 1926. 
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TABLE J.—Measures of Per Capita Economic Ability 
and Expenditures by Counties. 
= i e a 5 z 

Soy Sees oe £ £8 Be 

AU Su. = 5 3 eal = it 

. Gang S708 SSaR 2, Bow. See 
a Poss CecgN VaXS Con Ose O8fN oans 
5 Bape Bacet seis See “eke 9 25n Bene 
5 Apes aPoas Pom APO ae AALS wmaSe 
CAAT SINS Fn hss Ronee Sere act 176 ee ee 232 1,893 74.24 3.92 
Alamosa De Gite ee 203 1,723 77.01 4.47 
Arapahoe Se pee 6 eee. 141 1,387 46.04 3.32 
Archuleta 71 12 95 1,238 38.65 3.12 
Baca aa | eee el ae 149 842 31.19 3.70 
Bent .. Oe a ee 187 1,148 39.01 3.41 
Boulder . =. 18 1 57 90 1,436 49.34 3.44 
Chaffee ..... - 126 Ca BRR ree 67 1,356 42,60 3.14 
Cheyenne _.. = i cate hares 354 4,851 114.25 2.36 
Clear Creek ee, ll Bye ee 9 1,899 58.96 Bails 
Conejos — 22. oe OO} R ye mre 200 960 42.47 4.43 
Costilla Sy Ae Yee 109 1,028 39.51 3.84 
Crowley ce eee oc. 5 a Pn 296 1351 67.08 4.97 
Custer 5 S83 ee 236 1,362 38.88 2.85 
Delta _.... 9 es 18 250 1,203 46.79 3.89 
Denver 180)! Sy ee er ern 1,468 44.84 8.06 
Dolores 5 AG) Bas 70 1,029 43.28 4.20 
Douglas 208.8 exe 165 3,062 80.45 2.63 
agle ff GU) anes 245 1,790 68.27 3.81 
Elbert ie saree en 222 2,363 59.01 2.50 
El Paso 50 22 48 1,593 59.38 3.73 
Fremont 191 154 2 1,201 45.79 3.81 
Garfield 13 sae i 239 1,803 66.41 3.68 
Gilpin 16 40 tes 13 2,076 68.81 3.32 
Grand 5 Coca) We eee 26 1,502 61.00 4.06 
Gunnison 23 101 272 154 2,836 70.43 2.48 
Hinsdale 12 Boi) eee ees 124 leah 98.78 5.74 
Huerfano 7 Sates 376 27 8ST: 36.75 4.21 
Jackson .. 56 30 1,309 2,585 77.75 3.01 
Jefferson 26 19 140 1,706 45.77 2.68 
AG WAL eae po Be mae 205 3,418 89.59 2.62 
Kit Carson 1 eee es 404 PAGO 74.69 2.74 
Bake 2 161 AlOi= ~~ Shee 3 1,168 45.85 3.93 
La Plata 63 é 25 118 1,323 45.84 3.46 
Larimer —s.-.-= 208 s 3 163 1,916 57.37 2.99 
Las Animas 41 238 27 1,037 37.70 3.63 
Lincoln ..... LOS ee es. Brees 504 2,478 61.98 2.50 
Logan C4 et 8 ee 296 1,697 74.62 4.40 
Mega _...... 49 ee 15 196 1,319 60.61 4.59 
Mime r a coogi enters 8 20 ee 109 1,893 65.60 3.47 
MOSLAL —o5 es 4 sataes 47 109 988 47.21 4,78 
Montezuma iG Ae 3 169 898 44.06 4.91 
Montrose 23 va 4 294 1,033 54.90 5.31 
Morgan .... 5 127 ee 6 Meee 236 1,500 69.40 4.63 
(Ba ites fo ae eee a 149 mice 170 1,309 49.91 3.81 
Ouray ...... es! (Bi eee 127 1,576 64.53 4.09 
esi yl (Ol Ee eae 46 Bao) = -252 510 4,290 107.11 2.50 
Phillips 16 a ee 497 2,429 66.75 2.00) 
Pitkin Soe fs 5+ 16 162 1,685 60.60 3.60 
POW GES ecco esate AD ea Gone 226 1,447 50.15 3.47 
Pueblo : : 241 oy bay Pee 43 1,222 50.99 4.17 
Rio Blanco .... ui - 3 201 1,405 60.85 4.33 
Rio Grande . 24 Fa ccs 324 1,268 64.91 5.12 
Routt _.. it er 288 153 1,335 50.57 8.79 
Saguache ..... - 22 or 473 2,324 90.44 3.89 
San Juan ..... afiee 9 S32 se ee or 1,940 60.48 S12 
Ban Miguel! shes: 20 POC) un nee dae 52 1,286 50.50 3.93 
Sedgwick .... Ser aee 5 dosven Cages 577 2,194 92.03 4.19 
BSTINXUTIN EG ous esnateseectezensss a 424 9 2,624 93.60 3.57 
LETI VE O0  esseeoy eae ore 21 (alves War 42 1,025 52.39 Ball 
Washington euah eo ee 397 1,906 59.18 8.10 
ARMING Ps Seas my ee 6205 Seas 59 290 1,814 72.10 3.97 
YUNA c sectoascascanieewenss=s0 ti nt ree shies 419 1,528 §2.18 3.41 
LAL Ome eer LO, 19 32 132 1,378 53.71 3.90 


*Less than $0.50 per capita. 
Sources: Value added by manufacturers from Census of Manufactures 1919. 
Value of Gold, Silver, Copper, Lead and Zine, Coa) and Petroleum from Mineral Re- 
(Average price of petroleum taken as $1.10 per 


sources of the United States 1924. 
bbl.) Value of crops from Colorado Yearbook, 1926. 


stock and livestock products.) 


(This does not inelude live- 
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SUMMARY 


1. Weeds are causing millions of dollars of loss every year to 
Colorado farmers. A large part of this loss, which can be stopped by the 
proper control and eradication methods, is due to noxious perennial weeds. 
The root systems of perennial weeds must be killed if eradication is to 
be effected. 


2. Eradication of perennial weeds with a single treatment is highly 
desirable. 


3. Sprays have not yet proved to be a promising means of weed 
eradication in Colorado because their penetration is not as great in the 
dry climate of this state as in more humid regions. 


4. Carbon disulfide injected into the soil has been used successfully 
to eradicate perennial weeds with a single treatment. It can be applied 
at times when there wil! be no loss of a crop. The method of applica- 
tion is described in this bulletin. 


5. The poisonous effect of carbon disulfide upon the soil is tem- 
porary. After a few weeks the productiveness of the soil is increased. 


6. The test plots of 1927 were established upon many kinds and 
under many conditions of soil. There was a 90 to 100 percent kill on 
four-tifths of them, and at least a 60 percent kill on the remainder. 


7. In a number of cases the killing of the perennial weeds with 
carbon disulfide was not noticeable for several months, but the final 
results were as good as tho the killing had been immediately apparent. 


8. The use of carbon disulfide has formerly been attended with un- 
certainty both as to the rate and the amount of killing when the liquid 
was injected into the soil. In 1928 a chemical was found which would 
indicate the presence of carbon disulfide and which could be used to test 
the penetration of carbon disulfide gas thru the soil. The simple method 
of using this indicator is described in this bulletin. 


9. Insofar as the experiments with this indicator have gone, it has 
been found that when the penetration of the gas is indicated by the 
chemical, there is immediate killing of the perennial weeds treated. 


10. For eradication of perennial weeds, carbon disulfide has proved 
to be more quickly effective and more dependable than any other method 
that has been tried. It is the cheapest commercially made powerful plant 
poison that cannot injure the soil. 


11. Because of the present cost of the material and the expense of 
injection into the soil, carbon disulfide should be used to kill perennial 
weeds on small areas only, or on exceedingly valuable and productive 
land. 


CARBON DISULFIDE FOR THE 
ERADICATION OF PERENNIAL WEEDS 


CHARLES F. ROGERS! and IRA HATFIELD2 


The search for a quick and economical means of eradication of 
perennial weeds has led to the experimental and small-scale use of 
carbon disulfide upon limited infestations for the protection of large 
areas of weed-free land. The experimental work is by no means com- 
pleted, but results have been so promising that they are being made 
available to the people of Colorado in this progress report. 


Serious NATURE OF PERENNIAL WEEDS IN COLORADO 


Perennial weeds are among the most serious and destructive pests 
on cultivated land in Colorado. Their general distribution, their 
capacity to grow and spread, and their persistence make control and 
eradication a most difficult problem for every farmer who has in- 
fested land. Perennial weeds are always spreading by their own root 
systems and fragments are often dragged to new locations where in- 
festations quickly establish themselves. The menace is increased by 
the dissemination of seeds, for seeds of perennial weeds can travel 
faster in wind, in water, or on implements than do the roots by their 
natural spread or by being dragged. The damage caused by perennial 
weeds appears as a decrease of crop yield on infested land, lowered 
value of and increased expense in managing the land, and decreased 
market value of the crops. 


The noxious perennial weeds in Colorado make a formidable list. 
Several wild morning-glories (Convolvulus spp.), also known as bind- 
weeds, are without doubt the worst weed pests of Colorado because 
of their general abundance and destructive nature.. The poverty 
weeds (Franseria tomentosa) and (Iva axillaris), are native to Colo- 
rado and are nearly as widely spread over the state as the bindweeds. 
In Northern Colorado they are more abundant especially in the dry- 
land farming regions. Perennial peppergrass (Lepidiwm draba) is 
known in every agricultural region of the state and is, as yet, the 
most serious weed in cultivated and untilled fields in some parts of 
Colorado, but unless Russian knapweed is held in check it will soon 
supersede the peppergrass in importance. 


Russian knapweed (Centaurea picris Pallas) has probably been 
in Colorado as long as imported Turkestan alfalfa seed has been used, 
but it has been known as a weed pest to farmers for only a few years. 


1. Deputy State Entomologist, in Charge of Weed Control. 
2. Fellow in Botany 1927-1928, assistant in weed control summer of 1928, 
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It has become well established and will probably invade all parts of 
Colorado. The knapweed is extremely pernicious because of its hardi- 
ness and its vigorous, dense growth. Canada thistle (Cirsiwm arv- 
ense) has made steady but generally unnoticed advances thruout 
Colorado, and is only now coming to the attention of many farmers. 
Perennial sow thistle (Sonchus arvensis) has entered the state re- 
cently from the north and northeast and is not widespread, but can 
quickly become so unless every precaution is taken against it. On 
some range and agricultural land, milkweeds (Asclepias spp.) are 
abundant. They are troublesome in the same way as other weed pests. 
The whorled milkweed (Asclepias verticillata), which persists wher- 
ever it gets started, is highly poisonous to livestock as well as being 
so fast and vigorous a grower that it can crowd out desirable crop 
and forage plants. 


Economic Losses FROM PERENNIAL WEEDS 


The losses from perennial weeds in Colorado are enormous when 
they are counted in money values alone. In 1917, H. R. Cates, a 
United States Department of Agriculture weed expert, estimated 
that one-sixth of the market value of a cultivated crop is expended 
on cultivation. He says that at least half of cultivation is made 
necessary by the presence of weeds. According to the 1927 Colorado 
Yearbook the market value for the 1926 crop of corn, potatoes, beans 
and sugar beets was $47,984,000. If one-twelfth of the market value 
is accepted as the amount expended upon these four crops in 1926 
for weed control, then $4,000,000 is the estimated toll of weeds upon 
these four crops in one year. On the whole, perennial weeds are 
more destructive in uncultivated than in the cultivated crops men- 
tioned above, but one-fourth of the loss on these crops due to peren- 
nial weeds is not too much to allow for increased expense in the pro- 
duction of corn, potatoes, beans and beets. A yearly loss of $1,000,000 
on four crops is too much to take without any effort to stop the leak. 


The question is raised as to whether or not the cost of killing 
the weeds to stop this loss is not greater than the return. On the 
basis of the returns from a single year’s crop it probably is, but when 
the expense is taken into account for the same number of years that 
returns are increased, the cost of eradicating perennial weeds is not 
so great. Expensive measures against weeds are not justified upon 
large areas because the larger the area the lower the cost per unit 
area if mechanical means of eradication are employed. When, how- 
ever, it is desirable or necessary to remove from a large area a men- 
ace in the form of a relatively small patch or patches of a perennial 
weed, more expensive means of eradication are permissable. The 
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cost should be assessed against the whole area to be protected. It 
should also be assessed against the time during which a successful 
treatment or treatments will protect the land when normal precau- 
tions are taken against reinfestations and the reestablishment of nox- 
ious weeds on weed-free land. 


VALUE OF A SINGLE-TREATMENT METHOD FOR 
PERENNIAL WEED HRADICATION 


The ever increasing menace of perennial weeds to crops and agri- 
cultural lands has created a demand for effective measures of eradi- 
cation, single-treatment methods being preferred. The advantage of 
eradication of a perennial weed by a single treatment is that no more 
attention is likely to be required after the killing agent is applied. 
It is also possible that the agent may be used upon the pest at a 
time when no crop will be lost, and there will be no interference 
with the regular rotation of the crops. The killing agent whether 
put upon the tops only, or used on the roots by injection into the soil, 
should act in a relatively short time, and leave the soil in as produe- 
tive condition as when it was apphed. Whatever such a material 
would be, and however it is used, the roots of perennial weeds must 
be killed before any satisfactory and permanent control or eradica- 
tion is accomplished. 


IMPORTANCE OF RooT SYSTEMS IN THE 
Lire oF PERENNIAL WEEDS 


Annual and perennial herbaceous weeds behave alike above 
ground, and cannot be distinguished by their general habits of growth. 
There are both annual and perennial weeds which, behave as do the 
morning-glories or bindweeds, and many annual or biennial plants 
are mistaken for perennials. The way to determine the perennial 
nature of a weed is by its root system, or by its behavior from year 
to year. 


Roots of perennial weeds send up from their horizontal parts 
vigorous stems that grow faster than seedlings in early spring and 
when they are unmolested, usually mature their fruit in the summer. 
Life resides for an indefinite period in the roots of most perennial 
weeds. The roots serve as storehouses of energy for the plant, and 
perform the ordinary function of conducting the necessary water and 
mineral nutrients from the absorptive region of the roots to the food- 
manufacturing parts above the ground. The tops of these plants 
may be killed repeatedly, but buds are formed upon the roots and 
shoots quickly develop to replace stems and leaves that have been 
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destroyed. The replacement of shoots draws upon the reserve in the 
roots. 


As soon as the leaves open to the sunlight they begin to manu- 
facture food to replace that supplied by the perennial roots. All 
plants depend upon their roots for the absorption of water and min- 
erals from the soil. Perennial weeds depend upon the lower parts 
of their roots for their supply of water and the tops die when they 
are cut off from the vertical portion of the roots, even if they are 
left attached to the horizontal roots. Whatever the material or method 
used in the attempted control or eradication of perennial weeds, the 
effects of the treatment or treatments upon the root system are of 
primary importance. 


Tue USE oF SPRAYS 


The most common method of attacking perennial weeds has been 
by cultivation of the soil to a depth sufficient to destroy the shoots 
but not to drag the horizontal roots about. If this is repeated often 
and long enough the roots will eventually be starved out. Use of 
poisonous sprays involves less labor for each treatment than cultiva- 
tion or the killing of roots by injecting poison into the soil, but sprays 
which require many appleations result in increasing damage to the 
soil, and the destruction of all top growth whether of weeds or crop 
plants. 


It is possible and even probable that in the future spray poisons 
will be developed which can kill the roots of perennial weeds far be- 
low the surface of the ground every time one of them is applied to 
the leaves and stems. At the present time, spraying is easy, quick 
and convenient, but as it is generally practiced upon weeds the results 
are extremely variable. The effects of sprays cannot as yet be econ- 
trolled, much less predicted under Colorado conditions. Fortunately 
when they are used it is not generally expected that they effect eradi- 
cation of perennial weeds in a single treatment. 


Highly favorable conditions are necessary for the maximum ef- 
fectiveness of sprays. There must be sufficient moisture in the air 
to keep the sprays from evaporating quickly. This is one of the least 
common conditions in Colorado. The air is usually dry and has a 
high evaporating power which quickly reduces a liquid spray upon 
the leaves to a dry film. Penetration will usually be sufficient to 
kill the leaves and stems, but does not continue to the roots where 
life remains. Only under exceptional conditions do most sprays prove 
to be efficacious in Colorado. Sprays must be applied to weeds when 
their tops are fully developed, and in such quantities as will destroy 
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all growth above the surface, which results in loss of some crops in 
one of two ways. Hither no erop is raised upon the infested land 
where the pest is developing to the stage necessary for application of 
the spray, or if one is planted, it is lost at the time of spraying. 


A new spray, sodium chlorate, is being advertised which it is 
claimed will kill perennial weeds after early crops are removed and 
before a late crop is put in the next season. Only under such condi- 
tions can a spray be used without loss of a crop. At the time of 
writing of this bulletin, however, the superior value of this spray 
over others already tried in Colorado has not been conclusively 
proved. 


When poisons are applied to the upper parts of plants, some of 
it always falls upon the ground. Almost all spray poisons that are 
used in quantities sufficient to eradicate perennial weeds have a 
residual more or less permanent effect upon the soil. The results 
even after an eradication with sprays is decreased productivity of the 
soil for several years. 


Use oF Porsons INJECTED INTO THE SOIL 


Contrasted with the relative impotence of most sprays as now 
applied for the eradication of perennial weeds in a single-to few- 
treatment procedure, the injection of poisonous materials into the 
soil when conditions are right has been found to result in the rapid 
and usually complete death of the plant. 


Carson Disutripe.—Of the poisons used in the soil, carbon dis- 
ulfide has been found to be the most economical to buy and the simp- 
lest and safest to use. Its killing effects have generally become evi- 
dent in from 4 to 10 days after application, but in some soils, due per- 
haps to the slow penetration of the poison or to the persistent nature 
of the plant, death of the tops was postponed for some time in a 
few instances, even until the following spring. 


There are a number of cases on record in Colorado where there 
was no apparent killing of common wild morning-glory during the 
summer or fall of 1927, but death was almost complete by the spring 
of 1928. The pests either failed to appear at all or came up so weak- 
ly that a few injections of carbon disulfide near the straggling plants 
finished the job with no loss of crop and with relatively little repe- 
tition of work. 


Furthermore, the root system is always in the ground, and can 
be treated at any convenient time when the conditions are right for 
penetration of the poison thru the soil. 


10 CoLORADO EXPERIMENT STATION Bulletin 347 


BENEFITS OF CARBON DisuLFIDE TO THE Soru.—Roots of perennial 
weeds have been killed by carbon disulfide applied in the spring, 
summer, late fall and winter. Other plants grew normally upon the 
soil that had been treated with carbon disulfide, a short time after 
its injection either in the spring or summer. No difference in pro- 
ductivity could be noted between treated and untreated areas several 
weeks or months after the use of carbon disulfide, unless it was the 
more vigorous and rank growth of annual plants upon the carbon 
disulfide plots. Far from doing harm to the soil there is evidence 
from these plots and from much experimental work with carbon dis- 
ulfide in other states that in a short time after injection there is a 
definitely beneficial effect upon life of all kinds in the soil. (See 
Figure 1.) 


RESULTS OF THE USE OF CARBON DISULFIDE 
IN COLORADO 


Altho carbon disulfide has been used in many places in Colorado 
to learn its powers of eradication of perennial weeds, most of the 
tests upon which this bulletin is based have been set up in the San 
Luis Valley, and in Sedgwick, Washington, Weld and Larimer coun- 
ties. The test plots of carbon disulfide in the San Luis Valley were 
put in during June, 1927; those in Sedgwick and Washington coun- 
ties the first part of July, 1927, and those in Larimer and Weld coun- 
ties in May, July, September and November of 1927, and June and 
July of 1928. Heavy and sandy, as well as moist and dry soils were 
treated. Most of the tests in the San Luis Valley were in moist soil. 
Altho some of the plots were in open, light soil, many of them were 
put upon heavy clay or wet sand which gave little promise of satis- 
factory results. The soil in northern Alamosa county was dryer and 
more open, making injection easier, giving promise of better pene- 
tration and better killing effects. 

In almost all of these cases the immediate killing was nearly per- 
fect, but one treatment in southern Alamosa county was not so ef- 
fective as most of the others. Inspection in 1928 of this and the 
other tests in the San Luis Valley revealed that in all but this one 
case there was a high percentage of killing. The effectiveness on the 
small area, however, may have been more than was apparent. When 
carbon disulfide was applied to this patch in June, 1927, four nox- 
ious perennial weeds, Russian knapweed, poverty weed (Iva awillaris), 
common wild morning-glory and perennial peppergrass were grow- 
ing together. After practically 14 months without disturbance, and 
with every chance for recovery there was an apparent killing of 75 
percent of the growth on this area. 


Two test plots were established in Weld county, on May 13 and 
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16. One was on the Colorado Potato Experiment Station 4 miles 
northeast and the other on a farm three-fourths mile east of Greeley. 
The plot on the Potato Experiment Station was a rather damp, but 
hard and compact, gravelly loam. Penetration of the carbon disul- 
fide gas thru the soil gave effects so quickly that the plants poisoned 
in the morning showed signs of wilting before the work was stopped 
in the evening. The other patch treated with carbon disulfide gave 
few signs of any damage during the summer and fall of 1927, but in 
the spring of 1928 the morning-glories failed to reappear excepting 
for a few struggling plants over the treated area. 

The plots in Sedgwick county were for the most part in wet soil 
altho two were on rather dry soil. None of the plots where the mois- 
ture content was extremely high gave immediate evidence of any great 
effect of the poison, but inspection in August, 1928, revealed that two 
of them were almost completely killed; whereas in the third plot a 
wet heavy soil gave indication after a year of only a 75 percent killing. 
The driest soil treated in Sedgwick county was along a road north- 
west of Sedgwick. Here the killing was perfect, with no return growth 
of the common wild morning-glory during 13 months. 


Figure 1.—Abundant, vigorous growth of vegetation upon ground treated with car- 
bon disulfide the year before, showing that this chemical does not injure the 
soil. 
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The photograph of the area in Figure 1 shows that no damage 
was done to the soil. A rank growth of sweet clover may be seen 
in the background and in the foreground pigweeds are coming up 
thru a vigorous stand of sweet clover which had been cut once when 
the picture was taken. 


Four plots were established in Akron, Colorado. Two were on 
the Experiment Station east of Akron, and two were on an intersec- 
tion in town. The hard, dry, compact soil of the parking at the in- 
tersection made the work of injection somewhat tedious but the re- 
sults were quick and permanent. The plots were completely bounded 
by morning-glory-infested land. To show the results more clearly, 
the photograph in Figure 2 was taken in August, 1928. It shows 
the weed extending across the foreground, and into the street from 
the edge of the parking. There is a matted mass of vines in the back- 
ground next to the walk, but the area of parking adjacent to the walk 
and to the street where the common wild morning-glory is growing, is 
conspicuously free from this perennial weed, altho other plants have 
made rapid, vigorous and normal growth. They had, however, been 
cut down before the picture was taken. 


Figure 2.—The effect of carbon disulfide on morning-glories or bindweeds one ar 
after treatment. Note the absence of bindweeds in the treated area A Td 
the abundance of vines in the untreated area B. ; 
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A plot of similar size, but on the south side of this intersection 
was infested with the common wild morning-glory or bindweed, and 
a few plants of poverty weed (Franseria tomentosa). The bindweed 
was treated in the same way as the other plot, by making the holes 
18 inches deep. The result was a perfect killing of the morning- 
glories without injuring the much shallower-rooted poverty weed, 
which by August, 1928, had taken complete possession of the soil 
previously held by its competitor, the common wild morning-glory. 


This indicates that the depth of holes has a bearing on the kind 
of roots killed. Two plots on the Experiment Station east of Akron 
resulted in imperfect kills on both morning-glory and poverty weed. 
The morning-glories were on loose soil along a railroad grade, where 
the liquid earbon disulfide could go down for some distance instead 
of spreading out horizontally. The poverty weed was growing in a 
roadway upon the farm where the soil was compact. Holes 12 inches 
deep were made in the roadway. The first effects were hopeful, but 
in August, 1928, there had been some recovery. 


In September, 1927, the central parts of several patches of com- 
mon wild morning-glory or bindweed were treated with carbon dis- 
ulfide. The ground was exceedingly dry and hard, even to the bot- 
tom of the holes made for the injection of the liquid poison. There 


Figure 3.—Appearance of cultivated plot 10 months after treatment with carbon dis- 
ulfide, Before treatment with this chemical, the weed-free area was infested 
with morning-glories similar to the area shown in the foreground. 
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was an abundance of flowers, and healthy growth, much like that 
shown in the foreground of Figure 3. Several days after injection, 
the plants close to the holes withered and died. On the whole, even 
until frost, it appeared that no great harm had been done to these 
perennial weeds. The ground was plowed early in the spring, so that 
no observation was possible at the first of the growing season. The 
soil was not disturbed again, and as the plants appeared, it quickly 
became evident that there was no return growth of the bindweed in 
these plots where the carbon disulfide had been injected. The photo- 
graph in Figure 3 shows mature plants on both sides of a bindweed- 
free area, the result of the treatment in September, 1927. All the 
plots treated in September behaved in the same way. 

Results from another trial under different conditions make the 
use of this material for the eradication of perennial weeds more prom- 
ising. On November 11, 1927, an area of Russian knapweed was 
treated with carbon disulfide. The infestation was on low ground 
southeast of Grover, Colorado, where the water table was only 4 or 
5 feet down and the heavy clay soil was exceedingly moist at 5 or 6 
inches below the surface. When this plot was inspected on June 5, 
1928, the ground was almost bare of all growth, and only one Rus- 
sian knapweed sprout was found upon the whole treated area. Large 
and healthy plants were growing thickly on all sides. Excavation 
for roots revealed that they were black and decomposed, and that 
only the woody parts of the root could be followed; the rest had 
disintegrated. Altho this may be an unusual case, it shows that the 
poison may kill under what would be ordinarily considered unfavor- 
able conditions for penetration of the vapor. 

Thirty-two of the tests on the killing power of carbon disulfide 
made in 1927 have been observed during the summer of 1928. Of 
this number, 7 were neither perfect nor high-percentage kills, altho 
none of them was below 60 percent effective. Approximately 80 
percent of the tests gave results that may be considered satisfactory. 

There must be, however, a greater dependability than this for a 
method as expensive as this one has proved to be, if it is to have 
a widespread use. Much labor is expended in treating even test plots 
with carbon disulfide, and a necessary partial or complete repetition 
of the treatment of an area of any size would make the use of carbon 
disulfide for the eradication of perennial weeds, impractical and un- 
economical. 

If the method of application could be made less laborious, or 
the certainty of killing be made greater, the use of a carbon disul- 
fide for the eradication of small infestations of perennial weeds would 
become entirely practical. This would save much time that is now 
spent in prevention and control measures which are some times not 
as effective as the use of carbon disulfide at present. 
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The methods now employed are applicable only to small areas, 
but when the use of carbon disulfide is attended with certainty of 
results, mechanical means for its more rapid injection into the soil 
can be developed. 


METHOD OF APPLICATION 

Two ounces of liquid carbon disulfide are applied in holes 2 feet 
apart each way. The alternate rows are staggered so that the holes 
form triangles as shown in Figure 12. The holes may be made by 
driving sharpened steel stakes into the ground to the desired depth. 
The depth to which the stakes are driven depends upon the soil type; 
for heavy soils 18 inches has been found to be successful, and for 
light, coarse, sandy soils, 12 inches will suffice. Even tho the cost of 
application of the carbon disulfide can be reduced by making the 
holes a distance greater than 2 feet apart, the best results have been 
obtained in Colorado experiments where the 2-foot distance has been 
used. 

Figure 4-a and b 
shows the method of ap- 
plying carbon disulfide. 
A funnel is placed in 
the hole and the liquid 
earbon disulfide is 
conveyed from a bucket 
to the funnel by means 
of a dipper that holds 
exactly 2 ounces of the 
chemical. In order to 
prevent the carbon dis- 
ulfide from evaporating 
thru the openings in- 
stead of diffusing thru 
the soil, the holes 
should be closed with 
dirt immediately after 
the liquid has been ap- 
plied. In soft soils this 
may be done with the 
heel, but where the soil 
is dry and hard, it may 
be necessary to use a 
heavy hammer. If there 
is danger of the ‘‘caps’’ 
caving in, it is necessary to fill the holes before tamping. When a sur- 
plus of the liquid carbon disulfide remains unused in an open con- 


Figure 4a 
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tainer, its evaporation can be stopped by covering with a shallow 
layer of water. 


Figures 4a and 4b.—Photographs showing the method of application of carbon dis- 
ulfide. 


LIMITATIONS OF THE USE OF CARBON DISULFIDE 


THE Cost 

Altho carbon disulfide has proved to be effective in Colorado for 
the eradication of perennial weeds, it has some disadvantages. Any 
method of underground application of a poison requires considerably 
more labor than does a single treatment with a spray or dust, and the 
work of injection will therefore be more expensive. When the price 
of carbon disulfide in large quantities is $5.50 per 100 lbs., the freight 
not more than $2.00 per 100 lbs., and the cost of injection $1.50 to 
$1.75 per square rod, the range of cost per acre of perennial weeds 
destroyed will have a maximum of from $260 to $400. 

It must be remembered however, that infestations of an acre in 
extent can be more economically destroyed in other ways. If the 
area covers 10 square rods, the cost would be from $22.50 to $25.00 
for the infestation, and if 20 acres were protected from and freed 
of perennial weeds, the cost per acre would be from $1.125 to $1.25, 
which should be charged over as many years as the land remains free 
from weeds of the kind killed. The increase in crop yield and in land 
value will more than repay the costs. 

Carbon disulfide is much cheaper when purchased in large quan- 
tities, than when it is bought by individuals from retailers. When a 
number of farmers need a large quantity, they should pool their order 
with the county agent who can procure it from the manufacturers 
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at the wholesale prices quoted above. 


UNCERTAINTY OF RESULTS WiTHOUT AN INDICATOR TEST 

As the work of 1927 has shown, not every application of the 
chemical has given a perfect kill. Little is known as to the exact 
soil conditions necessary for obtaining maximum results. The recom- 
mendations from California are that the liquid be applied while the 
soil is ‘‘quite dry,’’ but under different soil conditions which prevail 
in Idaho, ‘‘quite moist’’ soil is necessary for favorable results. Good 
and unsuccessful results have been obtained in Colorado in both dry 
and moist soils. Because of the need for a better knowledge of the 
proper time to apply carbon disulfide, a chemical test was developed 
that would indicate the penetration of carbon disulfide vapor thru 
the soil and correlate well with the killing. 


AN INDICATOR FOR CARBON DISULFIDE 

During the early part of 1928 a number of chemical indicators 
were tried out. The chemical finally adopted as an indicator depends 
upon the formation of a deep yellow color when sodium alcoholate has 
been exposed to the vapor of carbon disulfide and treated with a 
solution of cupric sulphate slightly acidified with acetic acid. 

Sodium alcoholate is prepared by allowing 
metallic sodium to react with absolute alcohol, and 
for test purposes the alcoholate is used in the fol- 
lowing way. Small glass vials are filled with the 
alcoholate, and a loosely wound cotton cord is par- 
tially inserted into the open end of the vial as 
shown in Figure 5. Soft cord proves more satis- 
factory than gauze, paper, or cotton wool and af- 
fords a medium upon which to make the test. As 
the cord wick is never pushed to the bottom of 
the vial, there remains a small quantity of the 
liquid alcoholate which assures a check test if the 
reaction on the wick is not conclusive. The vials 
that have been used are 3 inches in length and 
34 of an inch in diameter. They are placed in 
wire cages as shown in Figure 6. The cages are 
made from hardware cloth which is rolled into 
a cylinder. These cages afford support and pro- 
tection for the vials, and furnish an easy method 
for injecting them into the soil. The wire A is 
used for inserting the cage into the soil and for 
Figure Bw-Vial and Temoving it at the time the test for the forma- 
cord for holding the tion of the yellow color is to be made. 


liquid aleoholate 


used in making the In order to test the distance of diffusion of 
test for carbon dis- 


ulfide gas diffusion. carbon disulfide gas thru the soil, the cages are 
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placed in holes arranged as diagrammed 
in Figure 7. The center hole, marked O 
indicates the dosage hole,, the point of ap- 
plication of liquid carbon disulfide. Three 
spiral lines of holes are used, for it is 
advantageous to disturb the soil as little 
as possible. The dots on the curves marked 
1, 2 and 3 indicate the points where the 
test cages are placed. In each of the 3 
rows of test holes, the first is 4 inches from 
the center, the second is 8 inches, the 
third 12 inches, and the fourth 16 inches. 


The length of time intervening be- 
tween the application of the carbon disul- 
fide and the time of testing for the yel- 
low color depends upon the distance of 
the indicator from the dosage hole. It is 
convenient, however, to apply the carbon 
disulfide one day and to leave the test 
vials in the ground until the following day 
before making the tests. This usually al- 
lows ample time for the carbon disulfide 
gas to reach approximately its maximum 
distance of diffusion. 


The cages are pulled up, the vials 
removed from them, and with a small 
quantity of the acidified cupric sulphate, 
tests are made separately upon the wick 
and the liquid sodium aleoholate in the 
bottom of the vial. The change of the 
wicks or alcoholate to a deep yellow color, 


Figure 6.—Diagram of wire 
cage used in inserting the 
indicator tests into the soil. 


shows that the carbon disulfide vapor has penetrated the soil from 
the dosage hole to the indicator. If the string or liquid alcoholate 
takes on a blue-green tint instead of the deep yellow, it is not 
likely that carbon disulfide has penetrated the soil in quantities suf- 


ficient to kill roots of perennial weeds. 
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2 Experimental data show that 
e the use of this indicator meth- 
od is advantageous, for in the 
® test plots of 1928 there is high 
correlation between indication 
® by the aleoholate and the killing 
of the weeds treated with car- 
bon disulfide. In the test plots 
Oure where the indicator failed to 
register penetration, apparent- 
le e ly the weeds were not killed, 
e @ e but whenever a bright color 
change was obtained, a good kill 
followed. 

Figure 8 shows a_ profuse 
Figure 7.—Arrangement of test holes for growth of common wild morn- 

determining the diffusion of carbon : : : 
disulfide gas thru the soil from “O”, ing-glory or bindweed along the 
the point of application. eurbing on Mathews street in 
Fort Collins. A portion of this plot was treated with carbon disulfide 
and indicator tests were made. The indicator recorded a high per- 
centage of penetration which would suggest that a good kill would 

follow. Figure 9 shows the kill obtained. 


Figure 8.—Photograph of a profuse growth of common wild morning-glory along 
street curbing. 
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Figure 9—Photograph of morning-glory plot adjoining that of Figure 8, after treat- 
ment with carbon disulfide. 


Figure He overaDn of morning-glory plot 20 days after application of carbon 
disulfide. 
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Another plot was staked out on a piece of plowed ground and 
the carbon disulfide injected. Carbon disulfide penetration was in- 
dicated in every test hole. Figure 10 is a photograph of the plot 
8 days after appheation of the chemical. On each side of the plot 
may be seen the dense growth of the wild morning-glories, whereas 
in the treated portion there is already a striking reduction in the 
number of plants. 


A further example of the correlation of indication with killing 
is shown in Figures 11 and 12. Figure 11 is a photograph of a plot 
of poverty weeds (Franseria tomentosa) on irrigated land. A good 
indication and satisfactory results were obtained around the edges 
of the plot, but in the central portion there was no indication and 
little or no kill. Figure 12 is a diagram of this same plot. The cir- 
eles mark the points of appheation of the carbon disulfide and the 
dots designate where the indicator tests were made. ‘‘T”’’ is placed 
beside the dots where penetration was indicated, but a failure to get 
a test is marked ‘‘NT.’’ Irrigation water had recently stood upon 
the area indicated by the shading in Figure 12, whereas the remainder 
of the plot was ‘‘quite dry.’’ The tests showed that there was no 
penetration in the moist area, and from Figure 11 it may be seen 
that practically none of the plants in this area was killed. 


Figure 11.—Photograph showing a poverty-weed plot after treatment with carbon 
disulfide. The growth shown in the middle of the plot was the point where 
there was no indication and no killing. 
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Figure 12.—Diagram of the plot photographed in Figure 11, showing the correla- 
tion of indication and killing, 


From the experimental data collected from a number of such 
plots, a good killing always followed a good color indication, and 
when there was no indication of the penetration of carbon disulfide, 
the plants survived the treatment. 


RECOMMENDATIONS 


Carbon disulfide can be recommended as an effective and eco- 
nomical means of eradication of small patches of perennial weeds 
when large areas of weed-free land are to be protected from invasion. 


Treatment with carbon disulfide can be made at times when 
farm work is slack, provided that the soil is in proper condition for 
penetration of the poison. 
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The chemical indicator discussed in this bulletin may be used for 
determining the penetration of carbon disulfide gas thru the soil 
and the probable effectiveness of this material for the eradication 
of perennial weeds under existing conditions. It should be put in 
representative places in each plot to be treated. Only when it shows 
penetration of carbon disulfide gas should the poison be used upon the 
whole area. It is well to treat the plot immediately after a satis- 
factory test, because soil conditions may change and modify the rate 
of penetration and the killing power of the poison. 


Some of the material for this test is not readily available. It is 
therefore well to have the county agent or one who is familiar with 
the handling of chemicals make these tests. Indicator solutions ready 
for use, are available at the college for county agents. They may be 
had upon application by the county agents to the Botany department. 


Two ounces of liquid carbon disulfide should be applied in holes 
2 feet apart in the manner suggested in this bulletin. These appli- 
eation holes should be 18 inches deep for heavy soils, and 12 inches 
deep for light, coarse, sandy soils. 


When carbon disulfide is purchased in quantities of more than 
1000 pounds there is a material saving over the price paid for small 
lots. Farmers should unite their orders into a single large purchase. 


When a number of farmers desire to purchase carbon disulfide, 
their county agent can obtain it at wholesale price direct from the 
manufacturer and at a material saving for them. 


WARNING 


Carbon Disulfide is Highly Inflammable and Explosive, Hence Ex- 
treme Care Should Be Used to Keep It Away From 
All Free Flames. 


Its vapor has an injurious effect upon the human system. Large 
quantities of the fumes should not be inhaled and eare should be 
taken to avoid getting the liquid into the eyes or mouth. It does 
not damage clothing or shoes. 


In order to prevent loss by evaporation, the earbon disulfide 
should be kept in a tightly closed container. 
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SUMMARY 

Canada thistle and Russian knapweed, two of the worst weeds 
known to agriculture, are found associated with all crops and almost 
every kind of soil, and in every agricultural region of Colorado. 
Their distributions in Colorado are shown in Figures 2 and 11. 

Canada thistle has characteristic stems and leaves which to- 
gether with its extensive perennial root system make identification 
easy. Its leaves, stem, flowers and fruit are shown in Figure 1. 

The Canada thistle has large horizontal roots where food is 
stored for use in the replacement of the above-ground parts of the 


plant and for the extension of the root system. Shoots are sent up 
from buds on the roots as often as the tops are killed. 


The shoots that come up in the spring are formed early in the 
winter, and grow during the time the ground is frozen. 

Roots of Canada thistle can grow horizontally thru crdinary 
soils as far as 20 feet in one season. A single horizontal root grows 
in a given direction for 2 to 4 feet and bends down as shown in 
Figure 3. Another root arises at the bend, and continues the course 
of the mother root. 

Under normal conditions roots of the Canada thistle live in the 
soil for two seasons. When the tops are destroyed by cultivation or 
other treatments, this time may be shortened or extended. 

Vertical roots of the Canada thistle have been found 221% feet 
below the surface of the ground. They absorb most of the water 
and mineral nutrients for the leaves and stems. The kind of soil in 
which the Canada thistle is growing has much influence upon its 
development. Sandy and bard-pan soils are least favorable, and 
moist clay is most suitable to the growth of roots and tops of the 
Canada thistle. 

Russian knapweed described in this bulletin, has shown no defi- 
nite association with soil types in Colorado, It is usually found 
upon land once planted with imported Turkestan alfalfa seed. 

The presence of the seed of this weed in alfalfa seed imported 
from Russian Turkestan has given the knapweed its name and made 
probable its establishment in every place where Turkestan alfalfa 
seed has been planted. 

The horizontal roots of Russian knapweed are similar to those 
of Canada thistle, but they are shallower, more fibrous, have less 
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storage region in each root, and have more roots near the surface 
of the soil. The vertical roots penetrate deeply into the soil, in some 
instances to the water table. The length of life of the roots of Rus- 
sian knapweed is probably the same as that of the Canada thistle. 


Excepting for a number of minor differences the noxious char- 
acteristics of the Canada thistle and Russian knapweed are the same. 
Both plants are among the most persistent of the perennial weeds of 
Colorado. 


When these pests are allowed to grow unmolested, they make 
so dense a stand that almost no plants can compete with them. 


Both the knapweed and the thistle damage hay by making the 
hay difficult to eat, or unedible. They damage pasture by invading 
the sod and crowding out good forage. 


Viable seeds of the Canada thistle are produced wherever the 
staminate and pistillate plants are growing near each other. Seeds 
with high percentage of germination have been collected from sev- 
eral places in northern Colorado, 


The seeds of Canada thistle and Russian knapweed can travel 
great distances. Those of Canada thistle are often carried by a 
strong wind to places far removed from the old plants. If seeds of 
either Russian knapweed or Canada thistle fall into flowing water 
they endanger the land below them. 

These two pests travel in impure seed, for Canada thistle is a 
common impurity of commercial seeds of many kinds. The most 
abundant, important and dangerous impurity in the Turkestan 
alfalfa seed released from the Denver Customhouse in March, 1928, 
is Russian knapweed seed. None of this alfalfa seed should be 


planted before a purity test has been made by the Colorado State 
Seed Laboratory. 


The best way to keep any perennial weed out of a locality is 
to use clean seed, to clean all farm machinery before it leaves the 
place where it has been used, and to prevent flowering and seed pro- 
duction of all infestation. . 

Fresh manure is a common source of weed infestation because 
seeds of many weeds are not killed by passage thru an animal. 
Manure should be allowed to decompose before it is spread upon 
the land. 

Prevention of weed infestations by the use of clean seed, clean 
hay and well-rotted manure, together with the elimination of seed 
formation, is the cheapest way to keep free from weeds of any kind, 

The natural increase in the size of an infestation due to the 
yearly extension of roots is from 6 to 20 feet a year. 
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The surest means of protection from an existing infestation is 
eradication, but if this is not possible, the patch should at least be 
treated separately, No roots should be dragged to other parts of the 
field or farm. Complete isolation of the infestation is the first step 
toward its elimination when conditions for eradication are suitable. 


Proper control measures for perennial weeds assist in ultimate 
extermination. They should consist of the prevention of seed for- 
mation by mowing and spraying, the burning of mowed weeds, 
separate, clean cultivation of infestations, clean fallow at intervals, 
crop rotation, and smother crops. 


The general principles upon which eradication measures are 
based are starvation of the roots or the direct killing of the roots. 


The roots of perennial weeds can be starved when such prac- 
tices as clean cultivation or fallow, spraying and smothering are 
properly and consistently carried out. 

There are numerous commercial sprays with varying value sold 
in Colorado. Perennial weeds can be smothered by using either 
crops or dried material. Smother crops should be quick, vigorous, 
consistent growers, and should be able to hold the weed in check at 
all times. 


Straw, manure and stack bottoms can be used on small patches. 
Any one of these smothering materials must be kept moist so that 
decomposition will be active, and it must be kept deep enough to 
prevent stems from penetrating thru to sunlight. 


Sheet metal and paper have been used successfully on very small 
patches of perennial weeds. Cost of material makes this method 
prohibitive for large areas. 

Direct killing is a way of eradication of perennial weeds which 
depends upon a sudden death of the roots and tops of the plant. 

Some sprays are claimed to be powerful enough to almost en- 
tirely eradicate a plant in a single treatment. This has not been 
found to be the case with any of those tried out at the Colorado 
Experiment Station. Sodium chlorate has, however, given more 
promise than any of the others, 

Digging out of very small patches or of seedlings proves a sure 
way to eradicate perennial weeds. ; 

Killing the roots underground avoids the danger of spreading 
the roots about by dragging, and is further advantageous in that a 
single treatment often suffices. 

Carbon disulfide has been found to be a useful and reasonably 
certain method for eradication of small infestations in a short time. 
It is not practicable for large areas, but is recommended where it 


6 CoLtorabDO EXPERIMENT STATION Bulletin. 348 


is desired to protect large areas of weed-free land. Carbon disulfide 
cannot damage the soil and its poisonous effects are temporary. 

Salt is expensive to purchase, and hard on the soil. It will kill 
out any vegetable life when it is apphed at the rate of 2 pounds to 
the square foot. When it cannot be washed out by flooding, it per- 
manently injures the soil. It is particularly valuable in keeping 
weeds out of feedlots and other untillable land. 


CANADA THISTLEJAND RUSSIAN 
KNAPWEED 


By CwHartes IF. Rocrers* 


The “Canada thistle,” one of the worst weeds known to agri- 
culture the world over, has for some time been a resident of every 
agricultural region of Colorado, but it has not been given the atten- 
tion its abundance in the state merits. A more recent immigrant 
to the Rocky Mountain States is the Russian knapweed, which at 
present infests chiefly alfalfa fields or areas once planted to alfalfa, 
for it has been introduced in imported Turkestan alfalfa seed. It 
too has been found in every important agricultural region of Colo- 
rado, but it is net well known because of its close association with 
alfalfa and its relatively recent discovery in the state. 

Because of the numerous inquiries for information on these two 
weeds, and the samples sent in to the College and Experiment Sta- 
tion for identification, this bulletin has been prepared to acquaint 
the people of Colorado with the Canada thistle and the Russian 
knapweed. The plants are described and illustrated to show their 
distinguishing characteristics so that those who are not familiar 
with this thistle and knapweed can recognize them. The principles 
and methods of prevention, control and eradication given in this 
bulletin are based upon experience with the Canada thistle and 
other perennial weeds during the last 200 years in Europe and 
America, Altho experiments upon the control and eradication of 
the Russian knapweed as yet have not been conducted extensively 
in this country and none have been completed in Colorado, the 
habits of this new pest are so similar to those of the Canada thistle 
that the methods which are effective for the prevention, control or 
eradication of the thistle are almost certain to be effective upon the 
Russian knapweed as well. 

THE CANADA THISTLE 

The Canada thistle (Cirsium arvense, (u.) Scop.) also known 
as creeping thistle, field thistle, cursed thistle, and by many other 
local names thruout the world, is an introduced perennial that 
propagates itself by both seed and perennial roots. 

Detmerst in Ohio says that “The Canada thistle is readily 

*Assistant Botanist and Deputy State Entomologist, in charge of weed control, 
1925 to 1928. 

The writer wishes to thank Dr. L. W. Durrell for assisting with the manuscript, 
the preparation from original material of Figures 1, 4, 9 and 10, and for copying from 
Lund and Rostrup (loc. cit.) Figures 5, 5, 6, 7 and 8. Much credit is also due Ira 
Hatfield and Miss Anna M. Lute for generous assistance with the manuscript. 


+Detmers, Freda: Canada Thistle, Cirsium arvense Tourn. Field Thistle, Creeping 
Thistle. Ohio Agric. Exp. Sta. Bul. 414:1-45. Noy., 1927. 
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distinguished from all other thistles by its deep green, intensely 

spiny leaves, small heads of flowers bourne in clusters, by growing 
; Gite Gar 

in patches and by its horizontal branching root. 


DrEscRIPTION 


Leaves AND Stem.—The leaves and stem of this thistle are dis- 
tinguishing characteristics. The erect, ribbed, spiny stems arise 
from the numerous buds and knobs of the horizontal roots. They 
are usually green, but in places where exposure to light is great, 
they are often brown or purple near the base. The leaves are nor- 
mally dark green and shiny on the upper surface, with a white hair- 
iness on the under surface, especially if the leaves are young and 
vigorous. The blade of the leaf is long and narrow, and the lobes 
are terminated with spines as shown in Figure 1-A. The edge of 
the leaf has several orders of lobes, and is sometimes so “ruffled” 
that it appears almost ragged. The leaves are sessile, that is they 
have no “stem.” Sometimes the base of the blade clasps around the 
stem, giving it the appearance of being more spiny than it really is. 
The stem is often much branched, with the higher branches more 
vigorous. These in turn are branched several times, and bear flower 
heads at their tops. (Fig. 1-B.) 

Shoots sent up from the roots in the late summer or fall, seldom 
develop stems above the ground, but remain as flat rosettes of leaves 
(Fig. 3). Here they are protected from the early frosts and often 
keep alive long after the stalks have been frozen. All shoots, in- 
cluding the flowering stalks, first appear in the rosette stage. 

FLowers AND FRurr.—The numerous purple heads are much 
alike on all the plants of the Canada thistle. They are 2/5 to 3/5 of 
an inch in diameter, and 1/2 to 3/5 inch long. The pollen is pro- 
duced by one plant and the seed-bearing parts are on another plant 
that has-a separate root system. The staminate flowers have a sterile 
ovary with a poorly developed style and stigma. In the pistillate 
plants the stamens remain undeveloped, but the stigma matures and 
the ovule grows normally which means that only those plants, in 
which the egg develops, can mature seed. This explains the common 
idea in many localities that the Canada thistle produces no seed. It 
is entirely possible that this is true, because if only one kind of 
plant, either the staminate or the pistillate, is growing isolated from 
other Canada thistles, fertilization cannot take place. The staminate 
flowers can of course bear no fruit, and without the pollen from 
them, the pistillate plants remain unfruitful, It is known, however, 
that when the two plants are growing close enough together there is 
plenty of fruit. Viable seed was collected within 4 miles of Fort 
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. Pie: 1.—Drawing of the details of the leaves, stems, heads and flowers of the Canada 
thistle. 

A.—A lower leaf and a section of the stem. 

B.—Top of a flowering stalk which shows arrangements of heads. 

C.—Pistillate flower. 

D.—Staminate flower. 

E.—Seeds from the center and edge of the head. 

F.—Canada thistle seed with pappus or down. 


) 
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Collins late in the summer of 1927, and was shown to have a high 
germination test almost immediately after collection. 

Lund and Rostrup* who observed this pest more than 60 years 
ago in Denmark, state that both the staminate and the pistillate 
plants produce close to 10,000 flowers on a single stalk in a season. 
Only a small proportion of the seed ever matures into ripe fruit, but 
even with this there is always an abundance of good seed, whenever 
the conditions are favorable. 

Under normal conditions of sunlight and moisture in Colorado 
the flowering will start in June and continue until August. Many 
of the stalks will have some heads open with light brown “down” 
floating away on gusts of wind, while other heads are purple with 
fresh flowers. The two kinds of plants can be distinguished by the 
mature heads, or by the freshly opened flowers which are shown in 
Fig. 1. The petals of the pistillate flowers are shown in Figure 1-C, 
to be much smaller than those of the staminate flowers (Fig. 1-D). 
The staminate flowers have petals 1/5 to 7/25 of an inch long, 
whereas those of the pistillate flowers are only 3/25 to 1/5 of an inch 
long. When the staminate flowers open, they give off a strong per- 
fume much like vanilla, but the pistillate heads have more the odor 
of the “thistle rust” which will be discussed later. 

Then too, there is a difference between the mature heads. When 
the flowers fade, the pappus, shown close to the tube of the flowers 
in Fig. 1-C and D, begins to grow in the pistillate head and becomes 
twice its original length. The pappus in the staminate head, how- 
ever, is not quite so long at first and does not grow after the flowers 
fade. The mature seed-bearing heads therefore look much larger 
and are more fluffy than the faded pollen-bearing heads. The 
“down” is a hght-brown color in the heads which contain seeds, but 
it does not show plainly thru the dried petals of the staminate heads, 
which remain a dirty brown and never open up after the flowers 
have died. 


Figure 1-F shows a seed attached to the pappus. The larger 
thread-hke branches are covered with minute “hairs” which increase 
the carrying power of this contrivance for dissemination. When 
the seeds are still in the head and the “down” is moist, all the 
branches are drawn together with their ends pointing upward. As 
they dry out, the branches spread, and the finest divisions stand 
straight out. Several repetitions of this movement serve to pull the 
seed from its position and drag it out to where the wind can easily 
carry it away. 

The seed is 1/10 to 1/8 inch long, and about 1/25 of an inch 


*Lund, Samse, and HW. Rostrup: Marktidse ‘irsium arvense: : 
Vidensk, Selsk. Skr. 6. Raekke eran ra Cirsium arvense. D. Kgl. Danske 
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thick. Those that grow in the center of the head are straight, but 
they become more curved as they are found nearer the edge. (Fig. 
1-E.) When ripe the seeds are tawny. 


OccURRENCE AND Hasirs or GrowTH 


Association Wirn Crops.—Crops in general do not have much 
effect upon the growth of the Canada thistle or upon the Russian 
knapweed. The Canada thistle thrives in small grains, gets along 
well in cultivated crops as ordinarily managed, survives almost any 
kind of pasturing including good sod, and can hold its own for a 
time in competition with smother crops. It does not spread rapidly 
in sod, and is seriously checked by continued trampling, but in culti- 
vated or grain crops, unless given constant attention, it quickly gets 
the upper hand and spreads rapidly by horizontal roots. 


ASSOCIATION WITH Soris.—To the same degree that the Canada 
thistle infests most crops, it may be found on all soils except peat. 
Brenchley* records that in 812 fields observed, this thistle was domi- 
nant 125 times, and held a higher rate of occurrence per 100 fields 
than any other weed. In the Central and Northern States it grows 
most luxuriantly on limestone soils where water is abundant. The 
thistle has been found in dry places in Colorado and has persisted 
for more than 25 years on unirrigated land in the city of Fort 
Collins. On extremely wet soils with a high water table, the growth 
is weak, and the root development is poor and shallow. This rela- 
tion is discussed more fully under the root system. 


RANGE 


Disrripution 1N CoLtorapo.—The writer has seen the Canada 
thistle growing in several places about Grand Junction and Mont- 
rose and had a report of it from Del Norte, which was later verified 
by a specimen. The thistle has been seen growing along the railroad 
right-of-way in Salida, and is known from specimens to be in the 
upper and lower parts of the Arkansas Valley. Specimens have 
been sent to the College from Weld County and the pest has been 
lecated in at least four large areas close to Fort Collins. Because 
no survey of the state has been made to discover all the regions it 
infests, it is not possible to give every location, but in view of the 
time it has been known to be in Colorado, this thistle is certainly 
more widely distributed than the map in Figure 2 indicates, It has 
not been generally recognized by the people of Colorado as one of 
the worst weed menaces to their agriculture. 

Distrisution Over THE Worip.—Every agricultural region in 


*Brenchley, Winifred E.: Weeds of Farm Land. 1920. X. plus 289 pp. illus. 
New York: Longmans, Green and Co. 
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COLORADO 


MOFFAT 


Fig. 2.—_Map showing the known distribution of the Canada thistle in Colorado. 


the United States, north of the line from Virginia to central Cali- 
fornia is infested to some degree with the Canada thistle. In the 
Dakotas and in Canada, stringent legal measures are in force which 
require that the plant be destroyed wherever found. In these regions 
seed formation is more common, general development is more vigor- 
ous, and infestations are larger and more numerous than in Colorado. 

Every agricultural country that has imported seed from Europe 
is troubled with this most destructive weed. New Zealand and 
South Africa have struggled with it because the first few plants 
were not eradicated as soon as they got started. 


Usss 


Almost any plant can be used in some way, and the Canada 
thistle is no exception. When the shoots and roots are taken early 
in the spring before the leaves have pushed thru the surface of the 
soil they are tender and tasty, and can be used in the same ways as 
asparagus. Both the shoots and roots are reported to have been 
eaten in Russia, and by the Indians in this country. When in 
flower, the fragrant perfume attracts insects, and the nectar is con- 
sidered in some places to make good honey. 


Roor System 
Horizonrat Roors.—The tops of the Canada thistle die down 
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to the ground after the first heavy freeze, but the roots remain alive 
during 1 the winter. There are many homzontal roots which le paral- 
lel to the surface of the soil at depths which depend upon the nature 
and the moisture content of the soil. They are most commonly 
found from 6 to 12 inches below the surface. Figure 3 shows the 
interrelation of the roots and how they bend downward after they 
have grown horizontally for several feet. These horizontal roots 
together with the vertical roots are the storehouse for the food made 
by the leaves during the summer, and the most important means of 
extension of the plant in the soil. Usually they grow horizontally 
for 2 to 4 feet before making the wide bend into the subsoil. Almost 
always a new horizontal “regenerative root” arises at the bend, and 
takes the same direction as the mother root. A number of feet 
farther on, it too will bend down. This may be repeated several 
times during a season, so that the spread of the Canada thistle thru 
the soil is rapid. It is sometimes as much as 20 feet in a season, 
when the growing conditions are favorable. 

Certainly the horizontal roots are the most important part of 

the plant when contro] measures are to be considered. The hori- 
zontal roots are largest 

at the bends, and bear 

; most of the stalks upon 
; \WASVZ the sharper parts of 
these curves, as is 
shown in Figure 38. 
There are almost no 
small roots that come 
off from the horizontal 
roots, and absorption 
from the upper levels 
of the soil is largely 
limited to the fibrous 
roots that are found 
upon the underground 
portion of the stem and 
the very young horizon- 
tal roots. The horizon- 
i rs tal roots, are, therefore, 
practically unable to 


Fig. 3.—Diagrammatic sketch of root system of the |jvyae independently of 
Canada thistle. . 
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the vertical roots which 
descend into the subsoil when they have a full load of tops to 
support. 
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VerticaL Roots.— The 
vertical roots grow into the 
subsoil according to the na- 
ture of the soil and the need 
for water and mineral nu- 
trients. After the roots as- 
sume the vertical position, 
they have an abundance of 
small branches for absorp- 
tion. It is upon these parts 
of the plant that the upper 
roots and the aerial portions 
depend for their general vig- 
or and continued extension, 
because this region together 
with its functions of absorp- 
tion, is one of the chief 
places for storage. Figure 
4-A is a cross section of a 
root of the Canada thistle 
which shows its cellular 
structure and the wide 
ring of large storage 
cells where the food is 
kept and changed into 
the forms in which it 
can be most easily used. 

The diagram of the 
thistle root in 4-B gives 
a simpler picture of the 
relative proportions of 
the storage region “S” 


Fig. 4.—A.—Cross section of a root of the 
Canada thistle showing the conduction and stor- 
age regions. ‘‘S” is the storage region of the 
root. ‘“‘V’’ is the vascular or conducting tissue. 


Cc B 


to the conducting or B ead C.—Cross section of roots of the Canada thistle 
ragenlar reoic GAVE M5) an ussian knapweed showing the relative conduction 
iV asculay region \ ‘ (V.) and storage (S.) regions of each, 
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Derru oF Penetration oF Roors.—Unless the water is far 
down the roots frequently reach the water table. A depth of more 
than 8 feet was reported from Denmark by Lund and Rostrup*, and 
excavations made by the author in Iowa and Colorado showed that 
depths of 71% to 9 feet are common. One digging in the dry region 
of the steppes of southeastern Russia found the ends of roots of the 
Canada thistle at a depth of 2214 feet below the surface. The root 
is fairly uniform in size thruout its vertical length. 


Errecr or Som. Upon tue Rootrs.—The kind of soil in which 
the roots grow greatly modifies their development, and consequently 
their absorptive and storage capacity. Unfavorable conditions in 
the subsoil always result in a poor growth of tops and a weak root 
system. Hard-pan soils, gravel, sand or a high water table decrease 
the depth and retard the rate of penetration of the roots. If the 
root tip is destroyed during its growth by striking marly soil, a 
stone, or other obstacle, branches are usually sent out to continue 
the same direction of growth. Gravel or sand affects roots in much 
the same way as does hard-pan or marl. The effects of different 
soils upon roct growth are shown diagrammatically in Figures 5 and 
6. Moist clay always seems to furnish the best medium for develop- 
ment of perennial weeds. In Figure 5-A is seen a root of the Can- 
ada thistle growing in clay which is underlaid with marl. The 
tufted branches indicate the level of the hard-pan. Much better 
development is evident in Figure 
5-B because the soil in this case 
is a soft homogeneous clay, but is 
underlaid at a considerable depth 
by marl, at which level the 
branches always become tufted. 
When gravel is covered by a thin 
Jayer of clay, the roots take the 
position shown in Figure 5-C, 
The roots form in the soft soil, 
but cannot penetrate the rough 
gravel. If the hard-pan is at the 

ai See ee surface, the roots have many 
B & smal] short branches, as is shown 
Fig. 5.—Development of the roots of the in Iigure 6-A and B, but if the 
Canada thistle in clay. : 5 ; 
Mea nal Clay aiiderlald vite marl, layers below are soft and moist, 
be osv go underieid with gravel a root will sometimes find its 
way into the more favorable regions and help support the plants 
above. Sandy soils, however, give little comfort to perennial roots 


*Loc. cit. 
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of this kind, for they remain shallow, short and weak (Fig. 6-C). 
It can be clearly seen that the kind of soil upon which the Canada 
thistle is growing is a large 
factor in the vigor and resis- 
tance of the plant to efforts at 
control, and has a major role 
in the means employed for 
complete extermination. 


Sizz or Rootrs.—The size 
of the roots has the same rela- 
tion to different soils as dces 
the extent of the root system. 
Clay furnishes the best medi- 
um for development of indi- 
vidual roots as it does for the 
whole plant. Roots 34 inch 
in diameter have been taken 
Fig. 6—Effects of hard and sandy soils upon from moist, soft clay by the 


the Gevelopment ef | the “roots voi) the “Canada snthor.  Mhese diameters were 
A. and B.—Hard-pan near the surface. found at the bends of the 


C.—Development in sand. : 
roots where they start into the 


subsoil. Below the bend the roots slowly taper downward, but they 
are fairly uniform in size thruout their vertical length unless they 
are stopped by unfavorable soil, or by a high water table. The 
coarser and harder the soil, the smaller the roots are likely to be. 
The decrease in diameter in places where there is high water table, 
sand or hard-pan, is partly due to starvation of the roots because 
of the poor top growth, and partly due to the frequent branching 
that occurs when the tips die and new tips are formed. Roots in 
sand never becomes more than 14 inch in diameter, and the propor- 
tion of the storage to conducting tissue is smaller than when the 
roots are large, and the leaves are sending down an abundance of 
surplus food for storage. 


Leneru or Lire or Roors.—Altho the Canada thistle is a per- 
ennial plant, its roots, unlike many of the woody plants, do not live 
indefinitely, for they pass thru a definite life cycle. New roots 
keep taking the place of those that die, and the infestation seems 
to remain the same when it is really being constantly renewed. 


A root which is formed early in the spring will reach its full 
development the same summer, but probably will not produce flower- 
ing stalks. The shoots it sends up will have many leafy stems, and 
will assist in the accumulation of the reserve supply of food and 
energy to be used the next spring. These tops die down to the root 
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in the winter unless they are infected with the “thistle rust,” in 
which case the lower end of the underground part of the stem will 
probably live over winter, and send up sickly shoots the following 
spring. 

During the second season for the root, it produces large flower 
stalks. In the meantime young roots have been growing out from 
the old one, and have penetrated the soil in all directions. During 
the summer of 1929, therefore, the greatest activity of the 1928 root 
is reached. It quickly falls into decay after the death of the tops 
and in the spring of 1930 the root will be nothing but a dead black 
form with a shredded string in the center, which was the conducting 
tissue. Roots which are hindered by smothering or by other inter- 
ference, do not follow this cycle so closely, and are usually longer 
lived because their normal development has been interrupted. 


Noxious CHARACTERISTICS 


Those characteristics of a plant that make them noxious are 
not in themselves undesirable. The very habits that make a grass 
form a good lawn or pasture are noxious when exhibited by the 
Canada thistle or the Russian knapweed. Persistence, capacity to 
spread, either by root or by seed and density of growth, may or 
may not be advantageous. In the Canada thistle and Russian knap- 
weed they are decidedly troublesome. 


PERSISTENCE.—Something of the life history of the Canada 
thistle has already been presented. One of its worst characteristics 
is its ability to retain its hold upon life, and the soil in which it is 
established. There is no record of an area infested with this plant 
ever having died out from natural causes, and the records of the 
successful attack upon the thistle by man are altogether too few. 
Many fields and even whole farms have been abandoned, because 
the Canada thistle had got the upper hand in the struggle. A field 
near Ontario, Iowa, has been infested with this thistle for 40 years, 
and efforts have been made to check the invasion, but it has spread 
steadily. This persistence is accounted for by the large amount of 
food stored in the roots. 


Capacity To Spreap.—Coupled with this persistence is a great 
capacity to spread. The natural increase in the size of an infesta- 
tion has already been explained. This in itself is one of the worst. 
characteristics of the Canada thistle. 

When small sections of roots are broken from the main system 
they have phenomenal powers of regeneration. The roots of this 
pest have, as do many other perennial weeds, the capacity to form 
in a short time a whole new plant from a fragment of root that is 
supplied with food, and which is more than 6 weeks and less than 2 
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seasons old. Figure 7 shows a small section of root that was 
broken off and drag ged in the early summer from the original infes- 
tation. During the “remainder of the growing season, it sent up a 
stalk from near one end, and produced many homone a roots. The 
infestation from this Saal piece is already more than 9 feet across. 
Instead of being unusual this is the common occurrence in fields 
where the areas covered by perennial weeds are plowed or culti- 
vated at the same time as the thistle-free ground. If they are not 
exposed to direct sunlight, or to desiccating winds, these detached 
sections of roots can live foe some time ina Pavan: dry soil, 


Soe Yael fers oan) Spleen a aa ——— 
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Fig. 7.—Growth during one season of a root system from a section of a root. 
X.—Original section of root. a 


When conditions become favorable for regeneration, the buds 
quickly develop, and grow into astonishingly large and healthy 
plants for the apparent amount of reserve in the fragment of root. 
As soon as the leaves unfold above the surface of the soil, the new 
system quickly becomes self-supporting. The reserve food in the old 
root, however, is soon used up either in the extension of the roots, 
or in the production of new shoots. Deep cultivation thru patches 
is therefore unwise because of the great danger of spreading the 
pest, without doing serious damage to any established plants. 
Natural extension of 20 to 40 feet a year under favorable conditions, 
gives sufficient cause for anxiety, but the vitality of the pieces of 
root makes it necessary to use methods that do not drag the roots 
over weed-free land. 

Any noxious plant that spreads by wind-blown seed is likely 
to become a serious pest. The most rapid and widespread natural 
means of dissemination of the thistle is by its parachute-provided 
seed. This characteristic of the thistle makes it a constant menace 
for many miles in all directions from the place where viable seeds 
are produced. The seed may be shaken loose by the wind and drop- 
ped into flowing water which irrigates land many miles away. 
Infestation commonly caused by diem of seed by either 
es or water, are inexcusable, for it is entirely possible to prevent 

ed formation by cutting the stalks when the flowers begin to open. 
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Fig. 8.—A seedling of Canada thistle grown 
in sand for 10 months. Note the development 
and formation of buds upon the bends of 
the roots. 
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Some of the seeds will germ- 
inate the same year they are ma- 
tured, but most of them will not 
grow until the following spring. 
Those that do start late in the 
summer will become not more 
than 6 to 10 inches high, and 
some will fail to live over the 
winter. When the seeds germ- 
inate in the spring, however, 
they grow quickly into large 
plants with stalks 20 to 24 inches 
tall. Except that they are un- 
likely to flower the first year, 
they can in no way be distin- 
guished from an old plant. Lund 
and Rostrup* allowed a seedling 
to grow in sand for 10 months. 
The box which held the sand was 
nearly 3 feet deep, practically as 
long and about a foot wide. 
They broke the box apart to ex- 
pose the roots in their natural 
position. The development of 
the roots in the sand is shown in 
Figure 8. If development like 
this can take place under such 
unfavorable conditions, it can 
readily be seen what will hap- 
pen in the field. 

Impure seed is one of the 
easiest and most common means 
of introduction of the Canada 
thistle into a new region. It is 
found in clover seed more fre- 
quently, in Alsike clover, and in 
uncleaned grains from infested 
fields. It occurs in most. kinds 
of seeds. 


One of the easiest ways to carry the seed from place to place 


in a locality is on and in farm machinery. 


Wagons, hay racks, 


threshers or combines are good carriers because the seeds shatter 
out of the heads and collect in the cracks and on the non-moyving 


*Loc, cit. 
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parts of the machinery. They rattle out during moving, or are 
dumped out when the thrashers or combines are cleaned before 
starting a new run, instead of being left at the place where the 
previous job was completed. A few moments spent in the preven- 
tion of spread of weeds from one field to another will save prob- 
ably years of effort on the same or on a neighboring farm which 
previously had been free from the pest. The spread of any weed 
in this way, when prevention is so easy, can find no excuse whatever. 

When the seeds of Canada thistle are fed in grain most of 
them pass thru the animal without injury and are able to grow when 
they are spread upon the land in fresh or undecomposed manure. 
At the time the grain is thrashed many viable seeds are of course 
blown out with the straw from infested fields. After being used for 
bedding, the straw with its load of thistle seed is carried to the 
field again. Poor hay which contains mature thistle plants is some- 
times fed to animals. Many of the mature seeds remain in the hay, 
and return to the field in the manure. These means of dissemina- 
tion add to the noxious characteristics of the Canada thistle by 
increasing the ways in which it becomes dangerous. 


Density or GrowrH.—When the Canada thistle has become 
well established, the shoots come up so thickly that the soil is com- 
pletely covered. If this happens in grain fields, the young grain is 
choked out or seriously checked in its growth. Thistles in a pasture 
are usually so completely left alone by livestock that the spiny 
plants grow unmolested. The edible pasture plants are, therefore, 
crowded out and the pest more strongly entrenched than ever. 
Ordinary practice in the cultivation of corn holds the thistle down 
for a while in the spring. After the corn is laid by, the thistles 
can sometimes so nearly overtake the corn that it grows little after 
the last cultivation. 

The growth of the Canada thistle is much greater in full sun- 
light than in full or even partial shade. Altho it never flowers when 
completely shaded, its capacity to compete successfully with other 
herbaceous plants is nearly as great in the shade as it is in well- 
illuminated locations. 


_ _ Presence iy Hay anp Pasrurn.—Canada thistles which grow 
in hay meadows are usually kept under control and are unlikely to 
mature much seed. They are, however, present in the dried hay 
where their coarse leaves and stems would make poor forage even 
if they were free from spines. Hay which has many thistles in it 
is useless for fodder, and has little value as bedding. It is danger- 
ous to use it as a fertilizer because the heads, even tho cut green, 
are probably full of seed which can grow when the manure is spread 
upon soil. 
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Pasture land infested with the Canada thistle is sure to be 
unevenly grazed. Wherever there is a stalk of the thistle, the grass 
is left by the hvestock, and of course is eaten more closely elsewhere. 

The roots do not thrive in sod nearly as well as in broken 
ground. If the pasture is heavily overgrazed, the thistles may be 
eaten also, but they are taken unwillingly, and only because they 
cannot be separated from the grass. This kind of treatment weakens 
the sod, giving the advantage to the thistle which will quickly take 
full possession of the land. 


NaturaL ENEMIES 


Funet.—Many parasitic fungi are found on the Canada thistle. 
One of them, commonly known as the “thistle rust” (Puecinia 
suaveolens Pers.) does more damage to the thistle than all the rest 
of the fungous diseases combined. Like the other rusts this one 
has alternate generations, but unlike many of them, both generations 
are found upon the same plant. This results in a perennial my- 
celium in the plant, and in the continued production of both kinds 
of spores, the uredospores and the basidiospores. Early spring 
infection causes a sudden increase in the rate of growth until the 
flowers are about to open; then the whole stem withers and dies. 
The fungus invades and travels along the roots. It sometimes 
attacks every shoot along a new root with a result that none of the 
shoots grow into strong or normal appearing plants. The stems die 
down to the ground level in the fall, but the lower part of the 
infected underground stem lives over winter. Because of the pres- 
ence of buds under the scales of the underground stems, shoots from 
them appear earlier than from healthy roots. The shoots are light 
green, slender and frail. They grow faster than the other stalks 
but die just before the flowers open. 

As much as 30 percent of a patch can be infested at one time 
with this disease. It frequently limits the activity of the plant, 
but does not entirely kill it out. Uredospores are plentiful in pus- 
tules on the leaves and stem of the Canada thistle. They produce a 
second less virulent infection. The third crop of uredospores is 
often so late that infection from this crop becomes barely visible 
before the tops are killed by frest. The open pustules give off a 
characteristic odor which is similar to that of the pistillate flowers 
of this thistle. 


Insectrs.—Of the many insect parasites upon the Canada thistle, 
only a limited number do any appreciable damage. The Painted 
Lady butterfly prefers the Canada thistle to any other plant. At 
times there is so severe an outbreak of this insect that the whole 
plant is defoliated. If the second crop of larvae are not plentiful, 
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the new shoots that come up in July and August after defoliation 
of the first stalks will not be affected and no permanent injury will 
result. This insect (Pyrameis cardui, L.) is characteristically 
marked with white or yellow spots on the forward parts of its brown 
wings. The body is 3/5 to 1 inch long and the wing spread is 
from 21% to 3 inches. The mature larva is slightly more than an 
inch long, and has a dull yellow band down the front. 

There are two footless grubs which attack the thistle. One of 
them, the Dasynea gibsoni, Felt., causes one side of the head to 
break out after the grubs have consumed much of the receptacle 
and many young seeds. This insect is known as Canada thistle 
midge. It is closely related to the clover seed midge. ‘he footless 
grub of a yellow fly damages the heads without any evidence of 
injury showing on the outside. Most of the seeds in an infested 
head are destroyed by this insect parasite. Damage done by insects 
varies much according to the prevalence of the insect. 

Brirps.—One of the mest consistent destroyers of the seed of 
the Canada thistle is the goldfinch. Its diet consists to a remarkable 
degree of thistle seeds. Some of the seeds are probably uninjured 
by passage thru the bird, so that eating does not destroy all of the 
seeds consumed. A large proportion of them, however, are digested. 
Other birds, most of them closely related to the goldfinch, consume 
small quantities of thistle seeds. ; 


RUSSIAN KNAPWEED 


Russian knapweed (Centaurea picris, Pallas.) is not well 
known generally thruout the United States because of its rather 
recent introduction, and because as yet it is limited to the parts of 
the country which have used alfalfa seed imported from Russian 
Turkestan. This weed is one of several “knapweeds” which are 
so named because of the heavy gray hair or nap on the stem. This 
nap 1s especially noticeable when the plants are young. The plant 
is called “Russian knapweed” because of the source from which 
it came into this country. 

Its natural enemies have not appeared in numbers suflicient to 
be of any importance in the control of the weed by destruction of 
either the tops or the root system. : 


Derscrirrion 
Russian knapweed mav ea cea ah Peak : 
aan . aa ay eed may be distinguished from other Weedon 
olorado by its characteristic lilac-colored flowers in small round 
heads, by the tough, dark-brown or black perennial roots, and by 


the rather shredded appearance of the mature plant when seen 
alone. 
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Fig. 9.—A.—The stem, leaves and heads of the mature 
Russian knapweed. 

B.—A leaf of a young plant. 

C.—Seeds of the Russian knapweed. 


LEAVES AND 
Stems —The leaves 
on a mature stem are 
small, narrow, with 
smooth surfaces and 
edges, and without a 
pronounced midrib 
or petiole. The ends 
of the blade have a 
rounded point. 
Short, stiff hairs 
cover the leaf and 
stem so that they feel 
sticky to the touch, 
and irritate the skin 
when brushed across 
the hand or face. 
The leaves get small- 
er as they approach 
the head (See Figure 
9-A). 

The upper parts 
of the stems of the 
mature plants have 
the same hairy 
roughness as the 
leaves. The whole 
stem is hard and 
practically inedible 
when dried in hay. 
The young stems are 
covered with a long, 
soft gray nap which 
remains upon the 
lower part of the 
stem. It does not 
appear on the 
branched parts of 
the flower stalks 
where the leaves are 
small. When the nap 
is removed from the 
lower part of large 
stems, a dark-brown 


or purple color is visible, and continues down to the underground 
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part of the stem which is much the same color as the true roots that 
lie horizontally at a short distance below the surface of the soil. 
The leaves on the upper end of the underground part of the stem 
are dark, pointed scales, but clese to the root these almost disappear 
and are replaced by fine roots. 

When the Rus- 
sian knapweed comes 
up in the spring the 
first leaves are large, 
gray-green and much 
longer than wide with 
rounded teeth along 
the edge of the blade. 
(Fig. 9-B.) The same 
long nap that covers 
the young stem is 
found upon these 
young leaves, which 
f are so different from 

the leaves on the up- 

A per part of the stem 
that one who is un- 

familiar with the pest, 

could easily mistake 

the young shoots of 

tussian knapweed for 

q some other kind of 

a plant. Young shoots 
and their relation to 
2 the roots are shown in 
, Figure 10. The young 
leaves vary greatly in 

shape, but when the 


stem is densely pubes- 


Fig. 10.—A portion of the root system and young e ‘ attac 
shoots of the Russian knapweed. cent and attached to 


gq 


dark-brown, tough, 

perennial rocts, there is little question that the plant is the Russian 
knapweed, altho the final proof depends upon the flowers and fruit. 
FLowrers and Frurr.—The appearance of small, round, single 
heads of lilac flowers upon rather long stems, will establish the 
identity of the Russian knapweed if the leaves, stems and roots 
leave room for doubt. The heads are never more than 34 to 1% inch 
in diameter, and are usually almost spherical. The lack of thorns, 
and the size of the heads make it possible to distinguish the plant 
from any thistle. The single heads on long stems furnish an addi- 
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tional distinction from the Canada thistle. When the flowers are 
open, they give off a characteristic, rather pleasant odor. 

The seeds of Russian knapweed are a chalky light gray, and 
are marked longitudinally by inconspicuous fine lines. Some of the 
seeds are slightly curved, altho most of them are wedge-shaped, as 
is shown in Figure 9-C. Fully developed seeds have been found in 
all the mature heads of Russian knapweed collected by the writer 
in Colorado. Seed production by this plant is therefore a very real 
danger to the localities where this pest is already established. 


OccuRRENCE AND Hasirs or GrowTH 


Turkestan alfalfa seed imported directly from Russian Turke- 
stan is responsible for the introduction of the pest and for most 
of the present infestations in Colorado. 


Association Wir Crors.—Up to the present time at least, the 
Russian knapweed has been or can be associated directly with 
Turkestan alfalfa seed. When the alfalfa is replaced by a culti- 
vated crop, the pest is discovered often for the first time, growing 
luxuriantly in patches of almost any size and number. Its similar- 
ity to alfalfa in height and the way in which it blends with the 
leaves, stems and flowers of alfalfa make its detection unlikely by 
the casual observer of a field, even at close range. Its resistance 
to cultivation and its capacity to get along with almost any crop 
makes it as indifferent as the Canada thistle to the kind of crop 
with which it is growing. When in competition with other weeds 
‘in waste places, it can easily hold its own and spread rapidly thru 
them. Sod seems to have no effect whatever upon the Russian 
knapweed, for it has been known to spread steadily and rapidly in 
otherwise good sod pastures where the common wild morning glory 
was killed out and the Canada thistle was making no headway. 


Association WirH Sorrs.—The great variety of soils upon 
which the writer has found rank growths of this weed indicates 
that there is no soil which is most favorable to its development, 
unless it be damp clay, where moisture is likely to be abundant, and 
where the soft earth permits easy penetration of the roots. Equally 
strong, numerous and menacing infestations have been found on 
other kinds of soil, but they are not more vigorous, nor do they 
spread faster than in clay. The slight advantage in clay soil cannot 
even suggest that the pest is to be more definitely associated with a 
certain soil than with a certain crop. Its appearance in alfalfa is 
due to its presence in imported alfalfa seed. The Russian knapweed 
seems to be able to survive almost any crop in any tillable soil in 
Colorado. 
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RANGE 
DistripuTiIon tN Cotorapo.—Requests for identification of Rus- 
sian knapweed and for control measures come to the Experiment 
Station and the College in increasing numbers. Locations of the 
numerous infestations known to exist in Colorado are shown on 
the map in Figure 11. Near Montrose and in the valley of the 
Gunnison river, Russian knapweed has been found in several places. 
It is known to be widely distributed over the San Luis Valley. 
Patches of this pest have been found from the New Mexico line as 
far north as Hooper and Saguache. A specimen for identification 
recently came from the San Juan Basin. Knapweed was formerly 
thought to be limited to the southern and western parts of Colorado 
because no specimens had been sent from the central and north- 
eastern agricultural regions of the state. During 1927 and the first 
months of 1928, however, numerous locations have been found in 

Weld, Larimer and Morgan counties. 


COLORADO 


MOFFAT LOGAH SEDGWICK 


TUMA 
RIO BLANCO 


CHEYENNE 


Fig. 11.—Map showing the known distribution of the Russian knapweed in Colorado, 


In every case of questions about this pest, alarm has been ex- 
pressed at its persistence, its capacity to spread and the damage it 
does to the crops which are planted upon infested land. There is 
now little doubt about its existence generally over Colorado, and it 
has been reported from all the states that bound Colorado. Where 
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imported Turkestan alfalfa seed has been planted there is every 
reason to believe that infestations of Russian knapweed had a 
chance to get started because the seed of this pest is almost always 
present as an impurity. It may have failed in some places to become 
permanently established, but if alfalfa seed from Turkestan is used 
repeatedly Russian knapweed is almost certain to take possession 
of the land upon which it is sowed. 

Prevention is far cheaper and better than control or eradica- 
tion. Only seed that has been cleaned and tested for purity should 
be used whenever a crop is to be planted. 


Roor System 


The root system of this pest has never been as carefully investi- 
gated as has that of the Canada thistle, but the similarity between 
the two makes a detailed description of the roots of Russian knap- 
weed unnecessary. 


HorizontaL Roors anp Extent or tHe Roor Systrem.—The 
horizontal roots of Russian knapweed are all of practically the same 
dark-brown to black color. They are covered by fine absorptive 
roots which grow out in all directions. The horizontal root is not 
large except at the rather sharp downward bend where the root 
expands to be 14 inch or more in diameter. Frequently a number of 
shoots arise close together along the outside of the bend and grow 
up into a clump of plants. A vertical root under a group of stems 
can be easily mistaken for a tap root. Near the bend another root 
starts a horizontal course for a few feet before it too bends down. 
In the region where no shoots or bends are found, the fibrous roots 
are few, but near the shoots the absorptive roots are abundant. The 
horizontal roots in this plant are shorter than in the Canada thistle. 
This is probably responsible for the somewhat slower rate of in- 
crease in the size of infestations of Russian knapweed when the two 
plants are under the same conditions. 


VerticaL Roors AND Depru or Penerration.—aAltho the ver- 
tical roots of Russian knapweed have numerous large branches, the 
main root continues in a generally vertical direction with the devia- 
tions necessary for an easy path. In one place where the water 
table was high, the whole root was traced. It was found that it 
tapered uniformly from the vertical bend to the water line, but did 
not extend into the water. A number of small branches were sent 
out horizontally just above the level of the water, probably for the 
purposes of absorption. Under ordinary circumstances, however, 
when the water level is low, the roots of the Russian knapweed 
penetrate into the subsoil and are uniform in size thruout most of 
their length. The limit of their power to go down into the soil 
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has not yet been found, but their vigor above ground and resistance 
below the surface to most treatments are good indications of a deep 
and extensive root system. A small part of a root system is shown 
in Figure 10. This pest thrives upon dry as well as irrigated land, 
so that its root system must be both wide and deep. 


“Size or THE Roors.—So far as the writer is aware, there has 
been no study of the effects of soil upon the behavior of the roots 
of Russian knapweed, or of the soils upon the size of the roots. 
Observations of the sizes of roots of this pest on the Wetern Slope 
near Montrose, in several places in the San Luis Valley, and in 
northern Colorado, have failed to indicate any difference between 
the sizes of the roots in different soils or under different conditions. 
Tn all places the diameter of the root at the downward bend was a 
little more than a quarter of an inch. The thickness of the hori- 
zontal root in all cases varied with age, but the maximum was 
approximately constant. Figure 4-C shows the relative amount of 
storage region in the root of Russian knapweed, compared with the 
conducting system. It is plain from Figure 4-B and 4-C that there 
is a greater reserve region in the roots of the Canada thistle than in 
those of the knapweed. 

This deficiency of storage region in a single root, however, is 
probably more than balanced by the greater number of roots in the 
upper layers of the soil, which are sometimes completely matted 
with the dark-brown roots of Russian knapweed. There is every 
evidence that the food stored in the roots of this pest is equal in 
quantity and availability to that of any other plant of the same 
general nature. 


Leneru or Lire or Roors.—The length of life of the roots of 
the knapweed is not exactly known. Excavations of its roots indi- 
cate that the life cycle of this plant is practically the same as that 
of the Canada thistle. This point, however, will have to be proved 
by further observation. 


Noxious CHARACTERISTICS 


Perennial weeds with habits in common have also many similar 
noxious characteristics. 


Persisrrncr.—The persistence of Russian knapweed has al- 
ready classed it as one of the most feared weed pests in Colorado, 
even tho it has been established for a much shorter time than many 
others. Land that is overrun by the knapweed is useless for all 
time unless some direct, consistent and effective attack is made upon 
the pest. It easily survives most methods of cultivation and, if 
driven from much-used places, takes refuge in out-of-the-way 
corners. 
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Caraciry to Spreap.—The capacity of Russian knapweed to 
spread by natural means is not as great as that of the Canada 
thistle because of its lack of a distributing device, but this disad- 
vantage is more than made up by the vitality of the roots and their 
capacity to form new plants. 


There are many fields in Colorado infested with Russian knap- 
weed in which the small infestations over the field are definite 
proof that some operation of cultivation or preparation of the land 
reached the roots and dragged fragments of them into new locations. 
The vitality of these fragments is one of the greatest sources of 
danger in the spread of the knapweed over a field. The natural 
increase of a single infestation is great enough without the sudden 
appearance of new patches caused by the dragging of roots when 
the soil is plowed, harrowed or floated. 


Impure Turkestan alfalfa seed has been responsible for the 
introduction of this pest into Colorado and many parts of the 
United States. Uncleaned grains from fields in which the knap- 
weed is growing, or irrigation water which carries the seed, are 
constant menaces to weed-free land. Because seeds cannot be wind- 
blown for any distance, artificial means of dissemination are the 
chief causes of new infestations, and because these artificial means 
of dissemination can be entirely controlled, the spread of Russian 
knapweed in impure seed seems to be utterly inexcusable. 


In March, 1928, there was released from the Denver Custom- 
house approximately 50,000 pounds of Turkestan alfalfa seed, im- 
ported from Russia. About 25,000,000 seeds of Russian knapweed 
were brought in with this alfalfa seed. This is enough to produce 
a perfect stand on at least 5,000 acres of land. Ten percent of the 
shipment was stained red to indicate that it was a variety of alfalfa 
not adapted generally to the conditions of the United States. Much 
of this alfalfa seed was not sold during 1928, and will be on the 
market in succeeding years. Anyone who intends to use Turkestan 
alfalfa seed, should look at large samples to learn if part of it has 
been stained red. In that case every prospective purchaser should 
examine closely a considerable quantity of it on paper for conspicu- 
ous, light-grey, wedge-shaped seeds. Whether or not any are found, 
before the seed is planted a 4-ounce sample should be sent to the 
Colorado Seed Laboratory at Fort Collins, for a test of its purity. 
If any seed of Russian knapweed is found, the alfalfa should NOT 
be planted. This weed is so serious a menace that no precautionary 
measure is too great to take, in order to protect weed-free land from 
infestation by one of Colorado’s most noxious weed immigrants. 

Fresh manure from animals that have been fed hay or grain 
containing seed of the knapweed, or bedding that has in it the 
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mature heads of the pest, contains viable seeds of the weed. It will 
increase the damage already done by the pest if the fresh manure 1s 
placed upon the soil. Dangers of this kind have already been dis- 
cussed under the Canada thistle and prevention measures are sug- 
gested later in the bulletin. 

Densiry or Growrn.—When the knapweed grows unmolested, 
it makes a perfect soil cover and eliminates all other vegetation. 
Even when controlled in part by cultivation, there is a constant 
battle between the farmer and crop on one side, and the weed on 
the other, in which the weed often gains the victory. The Russian 
knapweed’s combination of persistence and density of growth 
makes it one of the most noxious weeds in the state. 


Presence IN Hay anp Pasrure.—The stiff stems and rough 
leaves of the knapweed are almost inedible when dry. The presence 
of much of the pest in hay seriously decreases the feeding value of 
the hay and lowers the market price. As well as being inedible, it 
menaces the land of every purchaser. Hay that contains Russian 
knapweed should not be salable, because of the danger of spreading 
the weed by seed in the hay. 

Pastures infested with the knapweed cannct carry the regular 
grazing load because it is not eaten freely even when green, and it 
chokes out desirable forage plants as fast as it spreads. Because of 
its close association with alfalfa, and its capacity to make pastures 
almost useless, it is particularly serious in alfalfa fields and pasture 
lands where grazing is heavy. 
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PREVENTION, CONTROL AND ERADICATION OF PER- 
ENNIAL WEEDS, SUCH AS CANADA THISTLE 
AND RUSSIAN KNAPWEED 


The following discussion of methods of prevention, control and 
eradication of perennial weeds is general, but the Canada thistle is 
mentioned more frequently because-of extensive work that has 
been done upon it. 

Whenever work is done on weeds, it should be with the purpose 
of ultimate extermination of the plant attacked. There are three 
ways in which weeds may be handled; by the prevention of infesta- 
tions, by the proper control of existing patches, and by the complete 
eradication of the pest. The best way is to keep the land free from 
weeds by consistent and vigorous prevention measures. They may 
seem useless, expensive, irksome and without result, but they are 
cheaper and far less annoying than the attention demanded by con- 
trol or eradication measures for weeds. 

Control of weeds is largely a matter of sanitation which pre- 
vents the spread of the pest into other places, and the rapid increase 
in size of the already-existing infestation. Methods of eradication 
frequently differ from those used for control, more in degree or 
intensity of application than they do in the principles upon which 
their successful use is based. 

The first of these, prevention, must be practiced constantly ; 
and the second, control, is to be considered as a prevention measure 
until the time comes when extermination is practicable. 


PREVENTION MEASURES 


The most satisfactory of all control measures for any pest is the 
prevention of infestation. Study of the habits, life history and 
general characteristics of a plant help to determine the most econom- 
ical and effective means of control, and give the best ways for keep- 
ing a region free from a weed. 

CLEAN Seep.—The cheapest and most effective means of pro- 
tection from any noxious weed is the use of clean seed. It is unnec- 
essary for anyone in Colorado to plant any kind of impure seed, 
for the State Seed Laboratory at the Agricultural College is 
equipped to analyze seed samples and to identify impurities in them. 
Any seed that contains thistle or knapweed, should be rejected by 
the purchaser, and pure seed obtained from a dependable source. 

Along with the use of clean seed goes the need for care in clean- 
ing farm machinery when it is to be moved from place to place. 
Many kinds of seed are known to have been carried from one farm 
to another in the dried mud on machinery. During harvest the 
seeds rattle out of the bundles of grain, collect on the racks, or in 
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the thresher and are carried to new locations. Combines usually 
carry a load of weed seed from one job to another, and scatter some 
all along the way. Protection from infestations due to this kind 
of spread is easy, simple and many times worth the inconvenience 
‘aused by a few minutes delay that is necessitated in the cleaning 
of the wagons, sieves and other parts where weed seeds are likely 
to collect. 


Curan Hay ann Manurse.—Hay meadows or fields of alfalfa 
infested with Canada thistle or Russian knapweed are likely to be 
sources of mature seeds when the hay is made. If much Canada 
thistle is in the hay, it is unfit for feeding and the seeds go wherever 
the hay is taken. The stiff stalks and rough leaves of the Russian 
knapweed together with its seed heads make it a useless and danger- 
ous impurity in hay. The hay is eventually returned to the soil and 
with it goes the seed of these pests. 

If manure is known to contain seeds of the Canada thistle or 
Russian knapweed, it is necessary to leave it piled for a season so 
that decomposition will kill many of the weed seeds, and decrease 
the danger of infestation when the manure is applied to the land. 


PREVENTION OF SEED FormMation.—Once a place becomes in- 
fested with the Canada thistle or Russian knapweed, it is possible 
to check their spread by prevention of the formation of seed. This 
can be effectively done by cutting the stalks two or three times a 
year. If it is impracticable to cut them, spray poisons can be used 
when directions given on the container are followed carefully, and 
when proper precautions are taken to keep poisonous materials from 
injuring livestock. 

Roadside weeds are often considered to be the business of the 
state, county or township, and not the concern of the person whose 
land hes along the road. When these weeds are noxious and en- 
danger farm land, it is to the interest of all to prevent the formation 
of seed. In case the Canada thistle or Russian knapweed produces 
viable seeds along roadways or irrigation ditches the farmers must 
cut the plants down in self protection. The damage done in pastures 
or in waste places may not justify the expenditure necessary for 
eradication of these pests, but if they are a source of new infesta- 
tions, nothing should be left undone to prevent the formation and 
dissemination of seed. 


Conrron Measures 
Practices which result in prevention of new infestations, also 
tend to hold down the existing patches of perennial weeds. 
Currine to Prevent Seep Formatton.—The cutting of the 
stems to prevent the maturation of seed also tends to hinder the 
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development of the plant, as well as to prevent new infestations. 
When reseeding is stopped, control of existing patches is much 
easier than when the plant is continuously renewed by seedlings. 


Burnine Driep Prants Arrer Currinc.—Many times there are 
mature seeds on plants when they are cut, or the seeds mature after 
cutting. As soon as they will burn, it is well to destroy the dried 
plants by fire before the seeds are shattered out and fall to the 
ground. Fire does not kill all the seeds unless the heads are com- 
pletely burned, but a good heating injures them so that the danger 
of reinfestation from seeds is decreased. 


SPRAYS AS A SUBSTITUTE For Currinc.—Many places where the 
Canada thistle or knapweeds are growing cannot be cut over because 
of the nature of the ground. The development of tops is often just 
as good, and the production of seed is just as plentiful there as on 
cultivated soil or on places that can be mowed. Spray poisons 
which kill the tops fill a distinct need in such places, when tem- 
porary elimination of the tops is desired. 


Many patent sprays are on the market for which great herbi- 
cidal powers are claimed. They have been found to be useful in 
other places and may prove to be useful in Colorado, although 
experiments to date are not conclusive. Most of them, however, 
are useful for killing the tops of perennial weeds. Sometimes with 
sufficiently frequent applications of these poisons, and with espe- 
cially favorable conditions, an eradication of a perennial weed is 
possible. 


SEPARATE CULTIVATION OF INFEsTaTIONS.—If the area infested 
with the thistle or knapweed is small, rigorous eradication measures 
are better than contentment with merely keeping the patch from 
spreading too rapidly, or being spread by careless cultural methods. 
When the infestation has reached a considerable size, the safest 
means of control is a practice that amounts to a quarantine. All 
machinery used to cultivate or work in land infested with perennial 
weeds should be cleaned thoroly before it is used elsewhere. It is 
essential that infestations receive separate treatment. Plowing, 
harrowing, floating or cultivation continuously from infested to 
weed-free soil should never be permitted. Sometimes the nature 
of the crop raised upon infested land neither lends itself to clean 
cultivation during any or all of the season, nor does it sufficiently 
shade the ground to smother out perennial weeds. ‘This is especially 
true of the small grains and of corn. Infestations of any size in 
corn require much attention and hand labor. 


In many cases, therefore, it seems more profitable to employ 
summer fallow for a season or two in order to get the upper hand 


34. Cotorapo EXpERIMENT STATION Bulletin 348 


of the Canada thistle and Russian knapweed. One season of fallow 
will not kill these pests, but it will weaken them enough to make 
it possible to grow a paying crop upon the land the succeeding years. 
A single year of fallow is valuable in other ways, because It elim- 
inates many of the annual weeds whose seeds have accumulated in 
the soil. They are caused to germinate and are destroyed by the 
stirring of the soil. 

Crop Rorarton.—The presence of weeds of any kind upon a 
farm depends to a great extent upon the management of the land. 
Probably the largest factor in management of the land is the suc- 
cession of crops. Soil infested with the Canada thistle or Russian 
knapweed can be freed from them by use of the proper methods of 
starvation with which may be combined a wise rotation of crops. 
If fallow cannot be practiced until the perennial pest is dead, the 
use of a crop-rotation system is essential, because the succession of 
crops has different effect upon perennial weeds and tends to keep 
them from becoming too vigorous. 


In each locality and under each type of farming, there is a 
group of crops which can be used to keep the pest in its weakened 
state until a new direct attack can be made upon the reserve regions 
of the plant. No one system of crop rotation can be recommended 
because of the varying conditions in Colorado. In irrigated regions 
the use of cultivated crops alternated with smother crops is to be 
preferred to a rotation system that includes small grains, for in 
small grains the thistle or knapweed can recover in one year from 
the damage done in several years of clean cultivation, fallow, 
pasture or smother crops. If grains must be grown on land where 
perennial weeds are found, the land should be fallowed until late 
fall, and the crop sowed as late in the spring as is consistent with 
proper harvest. ‘This is to destroy all the fall growth and to cut 
off shoots that have been pushing their way up thru the frozen 
ground during the winter. 


Destruction of the early spring shoots gives spring grain a more 
nearly even start with these weeds and the rapid growth in May 
and June easily keeps up with their increase in size during these 
months. Seed production should be controlled in the grain fields 
by either cutting down the flowering stalks or by pulling them out 
by hand. 


Smorner Crors.—All of the cultivation methods for controlling 
the perennial weeds involve the expenditure of much labor. When 
this can be replaced even in part by equally effective methods which 
make use of the ability of some plants to shade and crowd out others, 
the time and effort necessary for cultivation of perennial weeds 
can be diverted to more immediately productive operations. 
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Pasrure.—lIt has already been developed that there is little 
permanent damage done to the Canada thistle or knapweed by pas- 
turing. A good heavy sod checks spreading; the leaves of the very 
young plants are eaten freely by sheep and goats early in the spring 
when other forage is scarce, but little damage is done by animals. 
Trampling breaks the stems but unless they are completely broken 
off, new shoots do not form upon the roots. Furthermore, it is 
always necessary to cut the stems at the time of flowering to prevent 
the formation of seed. Of all the control measures recommended, 
this is the least effective for Canada thistle and Russian knapweed, 
but it is one of the best for the common wild morning-glory and 
other bindweeds. 


ERApIcation MBasures 


GENERAL Principtes AND Meruops.—Any attempt to eradicate 
a perennial weed must be in accordance with the principles upon 
which effective treatments are based. Almost all operations which 
result in the death of perennial weed pests either starve the roots 
by using up the stored food, kill the tops and underground portions 
outright, or destroy the roots so that the tops also die. The dis- 
cussion of the principles of eradication is followed by specific in- 
formation and recommendations for eradication of both small and 
large areas. 


STARVATION OF THE Roots.—Starvation of the roots results when 
the tops are not permitted to develop normally and to expose a large 
leaf surface for the manufacture of food. When for any reason the 
food-making organs fail, the new shoots draw upon the stored 
material in the reserve region of the roots. Energy is consumed in 
the growth of the shoot at the same time that the root is furnishing 
structural material for the new stalk. If the new parts reach the 
surface and develop normally, the food used in the regeneration is 
quickly replaced. On the other hand, if, instead of natural develop- 
ment, there is a continuous destruction of new shoots as fast as they 
reach the surface of the soil, there is a constant drain upon the 
reserve supply. This supply may be, and frequently is an exceed- 
ingly large proportion of the root, but it is not unlimited. If the 
reserve is used continuously without a chance being given for 
replacement, the time is certain to come when there is no more food 
in the roots to supply material or energy for the formation and 
growth of stems from the buds on the roots of perennial weeds. 
When the whole plant has been exhausted, the starvation process 
has been completed, and the infestation has been exterminated. 
This is a slow process for many plants, and a tedious one for the 
person who has to keep the tops from growing, even for a short 
time in sunlight and air. This means, however, has been found 
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by long and wide experience to be based upon the most practical, 
economical and even profitable principle when the proper eradica- 
tion measures are used. 

Operations which result in the starvation of the roots can be 
classed under clean cultivation or fallow, and “smothering.” The 
smothering may be practiced either by the use of a plant which 
grows more vigorously than the weed pest to be eradicated, or by 
the use of dead material for shutting off light and air from the 
plant. The mechanical means usually consist of straw, manure or 
stack bottoms, or it may be heavy paper or sheet metal which stop 
the light as effectively as a thick layer of straw and offer more 
resistance to upward growth of stems and shoots than does loose 
material piled upon a patch of Canada thistle or Russian knapweed. 


CLEAN CULTIVATION AND Fattow.—This method has already 
been discussed under “control methods” where the principle of par- 
tial starvation is a control measure. If eradication is the aim, it is 
necessary that cultivation be clean and that the fallow be one that 
keeps down all growth. Clean cultivation in this sense means noth- 
ing less than cultivation which keeps any plant, other than the crop 
plant, from putting forth green leaves. If no crop is being raised 
upon the land and the condition is that of fallow, there must be 
enough disturbing of the surface of the soil to destroy ail the shoots 
that come up from the perennial storehouse of food and energy. 
This probably will mean several times as many cultivations as are 
necessary for the extermination of annual weeds. The cultivation 
should be deep enough to cut off the new shoots at their base, but 
not deep enough to reach the horizontal roots. The cultivations 
must be repeated as often as it is found that shoots are about to 
push thru into the sunlight. This may mean as many as 20 culti- 
vations a year for 2 years. From the nature of the Canada thistle 
and Russian knapweed, 2 years of cultivation should be enough to 
use up all the reserve of food and to practically eliminate the pests. 
For other perennial weeds whose roots live indefinitely, 2 years of 


clean cultivation or fallow may not exhaust the reserve supply of 
food. 


SPRAYS AS A SUBSTITUTE FOR CULTIVATION oR FaLLow.—The 
most constant demand from the people who are troubled with per- 
ennial weeds is for a spray which will kill the pests with one appli- 
cation, As yet a spray has not been found that will work this way 
for perennial weeds under the conditions of Colorado. This does 
not mean that sprays do not injure weeds when they are applied to 
the aerial parts. It does mean, however, that with many of the 
sprays, perennial weeds suffer no more from a spraying than they 
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do from a single cultivation. If cultivation is impossible in loca- 
tions where eradication is necessary, the roots can be starved by 
repeated applications of poisonous sprays. One must not become 
discouraged any sooner, nor be any less punctual in the application 
of sprays, than he is with cultivation practices for starvation. The 
effects of the spray materials are as variable as the costs, altho the 
effects are not necessarily in proportion to the cost of the material 
used. For the control of perennial weeds, most sprays are to be 
considered as an accessory to the less expensive cultivation methods. 


SMOTHERING.—Smothering is usually thought of as elimination 
of air with eventual loss of life by suffocation. As it is used in this 
bulletin, the word “smothering” has something of this idea, but 
more of the idea of crowding a plant out of its room for growth, and 
the shutting off of light from the leaves. No plants keep air away 
from others to such an extent that the “smothered” plants cannot 
live; they effectively choke the plants by shading. This is the true 
conception that should be held of the “smother crop,’ and there 
should be a distinction made between the effect of choking out by 
shading a plant, and the smothering of one that is kept under the 
surface and has its air supply cut off at least in part and its light 
entirely absorbed by material that has been placed upon the in- 
festation. 


SmorHer Crors.—The nature and kind of smother crops that 
assist in the eradication of the Canada thistle, Russian knapweed 
or any other kind of perennial weed is varied. If the smother crop 
is sufficiently dense, tall and persistent, an open soil surface that is 
perfectly shaded is helpful because the crowding at higher levels is 
close enough to keep the stems from pushing up to the hfe-giving 
sunlight. Smother crops should of course be of value for other 
purposes and should be easy to remove from the land once their 
intended purpose is accomplished. 

Smother crops must have the capacity to make a quick, dense 
growth, and to hold their own against the invader which they have 
been planted to suppress. 

There are two kinds of smother crops; perennial plants, and 
annuals that are planted each spring after the pest has been kept 
under the ground by cultivation for a part of the season. Either 
the perennials or the annuals are effective if conditions are favor- 
able. The perennials must come up as early or earlier than the 
Canada thistle or the Russian knapweed, if they are to be effective 
as smother crops. They must make a more rapid and dense growth 
during the months of May, June and July, and they must retain 
their vigor until frost, if they are to compete successfully with these 
plants. 
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If the smother crop is to be cut during the summer, it must be 
able to recover more quickly than the perennial weed and to keep 
the new shoots of the pests in the shade. Alfalfa has been found in 
many states to be a successful crop for controlling these and many 
other perennial weeds. It has the advantage of rapid growth, 
dense stand and quick recovery after cutting. One disadvantage is 
its limited height, which is naturally exceeded by some growths of 
the Canada thistle, and by the normal growth of Russian knapweed. 
It is rather frequently winter killed also, and dies out from other 
causes more easily than do the weeds it is expected to control. Bien- 
nial sweet clover grows taller, makes as dense a soil cover, and can 
be left to grow a whole season without losing density or vigor 
because of seed production. In general where good stands of the 
white sweet clover can be obtained, it is superior as a smother crop 
to the other clovers, or to alfalfa. It should be reseeded the fall of 
the first season it has made growth, so that there will always be a 
heavy stand of young plants close to the soil. The reseeding from 
the old plants will automatically take place the fall of the second 
year. 

Altho alfalfa, sweet clover or similar smother crops with rank 
top growth hold the Canada thistle and Russian knapweed well 
under control, the roots of the smother crops do not seriously con- 
flict with those of the Canada thistle or plants with similar root 
systems. Both have long vertical roots, but neither of them can be 
considered to be sod-forming plants. Such plants as do form a firm 
sod, however, impede the progress of the horizontal roots of the 
thistle or knapweed, but do not as a rule grow tall enough to shade 
the stems. Many of the horizontal roots of these two plants grow 
too far below the surface of the soil to encounter the mat of grass 
roots. The shoots, however, have difficulty at times in penetrating 
sod, which is therefore to be considered as a useful means of slow- 
ing up the progress of these pests but not an effective one for 
permanently weakening them. 


In places where the growing conditions for annual crops are 
reasonably certain, or where crops can be controlled by irrigation, 
the use of a smother crop for the growing season, accompanied by 
mechanical means of control for the rest of the year has proved 
successful. Quick-growing, early maturing plants such as millet, 
cane or sorghum, when sowed heavily, after a fallow during April 
and May, will set perennial weeds back as much as a summer of 
intensive cultivation and will yield a profitable crop at the same 
time. In many ways these summer smother crops are more depend- 
able than the perennial smother crops, because the time for their 
growth, and the condition of the pest when they are growing can be 
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more nearly controlled. Cane, sorghum or millet is recommended 
in Kansas for this purpose. 

Another kind of annual smother crop that has been used exten- 
sively in northern Iowa and southern Minnesota for both the control 
and eradication of the Canada thistle, is the sugar beet which 
requires almost constant cultivation of the soil until the tops prac- 
tically cover the ground and allow little light to filter thru the 
leaves. The leaves usually stand up some distance above the crown 
of the beet, so that it is necessary for any plant that comes up from 
below to make a great growth in length before it reaches sunlight. 
This combination of cultivation and smothering has been found to 
be one of the most successful control measures for the Canada thistle 
in the North Central states. Beans which are raised in quantities 
on the drylands of Colorado, can be used in much the same way as 
beets for the controlling of perennial weeds where irrigation water 
is not available. Beans require much cultivation while they are 
young and cover the soil well when cultivation ceases. These two 
crops are among the most profitable that can be raised. The increase 
in yield due to the cultivation necessary for the control of the per- 
ennial weeds almost always pays for the labor of control. 


SMOTHERING BY CovERING THE Priors with Drap Marertan.— 
Many attempts to kill out perennial weeds have been made by piling 
straw upon the place where the weeds are growing. Some of these 
treatments have been successful, but most of them have failed for 
the two following reasons: In the first place straw settles a great 
deal after it has been handled. The much thinner layer of straw 
after several weeks of standing allows the shoots to come thru to 
sunlight and air. The edge of the pile of straw must be 8 to 10 feet 
beyond the plants farthest from the center of the infestation because 
normal spreading by roots is not stopped by smothering. Straw is 
therefore ineffective when it is used in insufficient quantities. 

In the second place dry smothering agents of this kind have 
no injurious effect upon the shoots as they come thru it. The straw 
acts like a very light soil which has no other influence upon the 
shoot than to force it to grow farther to hght. Wet straw, on the 
other hand, will begin to decompose, and will sometimes become 
so warm that ordinary plants cannot live in it. Real damage is 
then done to the pests covered with this kind of a smother material. 
The principle of smothering with straw is correct; it is a question 
mostly of the quantity that is used, and the condition when applied. 

There is no essential difference in the use of manure, straw 
or stack bottoms for smothering out patches of the Canada thistle 
or Russian knapweed. Manure is usually moist and does not settle 
as much as straw. It is full of organisms that cause the manure to 
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heat and to injure tender sprouts from the roots. As a general rule 
when manure is applied so that the fully settled pile is 6 feet thick 
and the area covered from 16 to 20 feet greater in diameter than the 
infestation there is little question as to the result. To be sure that 
none of the shoots of the Canada thistle or Russian knapweed can 
penetrate the manure, it is necessary to have the pile at least 6 feet 
deep for 3 years. After that, if no shoots are found creeping out 
from around the edges of the pile the manure can be safely removed. 

Stack bottoms have the same virtue as manure, in that they are 
often wet, and already in the process of decomposition. The essen- 
tials for the use of vegetable materials as smothering agents for 
killing perennial weeds are that they be deep, wet and in the process 
of decomposition. Under these conditions, heat is generated, and 
the air is at least partly excluded from the solid mass of smothering 
agent and from the soil below. 


There have been reports of successful eradication of the Canada 
thistle by covering the patch with sheet metal, often corrugated iron 
from an old building, and leaving it upon the patch for several 
years. This makes a covering that is light-proof and resistant to 
plant growth. 

Heavy paper, usually tar paper, is recommended as a covering 
material for small patches. It acts in the same way as sheet metal, 
but has the disadvantage of being fragile and easily broken by an 
animal’s foot, or any hard object that might fall upon it, so that it 
is almost essential to fence in well an infestation that is covered 
with paper. The expense of this method and of these materials 
practically prohibits their use. 


Direcr Kiniine.—The other principle upon which perennial 
weeds are eradicated is that of a direct kill with a limited number 
of operations such as spraying, digging or treatment with carbon 
disulfide. It is obvious that the tops and the roots must be elemi- 
nated at the same time. 


In other states, one application of a spray poison has been 
known to completely kill Canada thistles and other perennial weeds. 
In general, this is an exceptional case, for several treatments even, 
are recommended by the manufacturers of commercial sprays. 
During the last 3 years, the writer has not succeeded in killing any- 
thing but the tops of perennial weeds when using a number of 
typical arsenical sprays. 

Altho the removal of a whole plant of the Canada thistle or 
Russian knapweed involves much labor, a sure way to kill perennial 
weeds directly is to dig out the whole plant, and destroy the roots. 
It is usually necessary to remove the roots to a depth of 3 to 4 feet 
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below the surface, being careful that all of the roots are taken from 
the soil when dug, and th at none get put back into the excavation, 
because a small section of a root can render the whole Socertion 
useless if it is allowed to grow unmolested. Digging is practicable 
only where seedlings or isolated plants from fragments of roots 
are starting a new infestation. 


Soil poisons have been used for many years in the disinfection 
for insects, and at times roots of plants were killed by the disin- 
fecting. agent. The use of carbon disulfide for killing the roots 
of perennial weeds has become rather general in ees, and has 
been found to be successful in tests in Califor mia and olen ado. Its 
value has not been established for all locations in this state, altho 
hopeful results were obtained during the summer of 1927 and 1928 
The best results have been obtained in rather dry soil. The holes 
were placed at 2-foot intervals in rows 21 inches apart. The alter- 
nate rows of holes were staggered to make equal-sided triangles. 
Two ounces of carbon disulfide were placed in each hole, and the 
openings closed with dirt which was well tamped to prevent loss 
of the gas by evaporation. The killing may take place in a few 
hours after application, or be delayed for some time, according to 
the condition of the soil, and the soil is free from all traces of the 
poison within a month after treatment. There seems to be no 
particular season that is best for the application, excepting in so far 
as the amount of moisture in the soil is governed by the season, 
Penetration is faster at a higher temperature and in a drier soil. 


Other soil poisons have been found to be effective, but the diffi- 
culty of application, or the dangerous nature of the materials makes 
them less desirable and more expensive to use. 


Soil poisons are not specific for any kind of plant or animal. 
They kill most of the life that is in the soil if they come in contact 
with it. Very large woody roots are an exception. 


Large quantities of salt spread upon the soil will kill any plant. 
Its action, which is one of drying out of the roots as well as poison- 
ing them, is rather slow, and the effects upon the soil are bad. 
Experience has shown that at least 2 pounds of salt per square foot 
must be applied to assure a kill. This means 87,120 pounds or prac- 
tically 44 tons of salt per acre. Ice-cream salt is both the cheapest 
and the most effective. A bottom price for it in Colorado can be 
considered to be $10 per ton. At $440.00 per acre, the use of this 
material is prohibited by cost for anything but small patches. Fur- 
thermore, except where the salt can be washed out by flooding, 
permanent damage is done to the soil; in some cases the soil is 
rendered useless for cultivation for many years. This kind of 
treatment is not to be recommended except on places where other 
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means would be impractical, and where sterility of the soil is not 
important. 


Erapication or Smarty Arpas.—The size of the infestation 
modifies only the method of treatment, and not the principles of 
eradication. Practices which will eradicate a small area will be 
equally effective upon large ones. Those recommended for small 
areas are not necessarily the best for large areas because of economic 
reasons, but they are practical because of their effectiveness and the 
protection they afford to the weed-free land about the pests. Addi- 
tional information on eradication measures for smal] areas Is given 
below. 

Patches less than 2 square yards in extent can be dug in a short 
time. An 18- or 20-inch spade will turn up practically all of the 
horizontal roots of the Canada thistle or Russian knapweed. If the 
infestation is old, a second layer should be removed. When only 
one layer is taken out, shoots are likely to reappear from the ends of 
the vertical roots after several weeks. It will be necessary to starve 
these roots by digging out the sprouts as they are found. 


Special, machine-cultivation of small patches of perennial 
weeds is usually impractical. If the areas are of moderate size, 
hoeing, or hand driven cultivators will bring about the desired 
results. 

Small infestations of the Canada thistle or Russian knapweed 
are likely to start up in the feedlots on a farmstead. The easiest 
and most certain eradication measure in such a place is the use 
of salt, which may be applied either as brine or in the form of ice- 
cream salt. If the latter is used, care must be taken that poultry 
cannot pick it up, for a few chunks of salt are fatal to fowls. 


When small patches of a perennial weed in a field are to be 
eradicated to protect the whole field, carbon disulfide is a quick, 
effective and economical means of eradication. The cost of treat- 
ment may be $1.50 or more per square rod for material and labor, 
but under favorable soil conditions results are immediate and 
permanent. 


Sprays can be used upon small areas as economically as upon 
large ones. Care must always be taken to follow exactly the direc- 
tions printed upon the container and to keep all of the spray mate- 
rial, whether dilute or concentrated, from getting into the mouth 
or eyes. When any of it comes in contact with the skin it should be 
washed off with plenty of water as soon as possible. Generous appli- 
cations of linseed oil to the hands will protect the skin, and make 
easier the removal of the poison with water, 


Smother crops are as useful on a small area as on a large one 
but are generally not economical. Other and better means of eradi- 
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eation are available for isolated patches. If, however, there are 
numerous small infestations spread about over a field, so that it 
must be treated as a unit, smother crops are the most effective and 
economical means of eradication that can be employed in the ex- 
termination of the thistle or knapweed. 


It is only for relatively small infestations that the use of dead 
material for smothering out the Canada thistle or Russian knapweed 
is practicable. In the first place, supphes of the smothering mate- 
rials are usually limited and in the second place the labor of moving 
enough of it to cover even half an acre to a depth of 10 feet with 
straw or manure is too great to be profitable when compared with 
the labor of clean cultivation or fallow. Then too, all the smother- 
ing material must be removed after the roots have been starved. Use 
of sheet metal or paper to kill the pests is prohibited by the price 
for anything but the smallest patches. Except for very small 
patches, or those inconveniently located, mechanical means or com- 
petition with other plants is to be preferred to the attempt to 
smother out the thistle or knapweed by covering them up. 


Erapication oF Lares Arras.—Altho the expense connected 
with the extermination of large areas is greater than that involved 
in the eradication of small ones, the cost per unit can be much less 
because of the extensiveness of the operations. 


Indirect methods of killing large areas of any perennial weed 
have been found to be the most practical and economical means in 
many places, especially those where smother crops cannot be de- 
pended upon to grow vigorously because of lack of water. Clean 
fallow during the growing season, like clean cultivation, requires 
more work than ordinary practices of farming because the stems 
of the thistle or other weed of this kind must be kept from forming 
ereen leaves even for a short time, or all the previous work is lost. 
Two years of clean fallow or cultivation will usually kill the roots 
of the Canada thistle, and probably the Russian knapweed, altho 
there have been no definite experiments completed on the latter 
weed in Colorado. This time limit cannot always be depended upon, 
and a third season should be allowed for cultivation, or a heavy 
smother crop should be planted. After this the patch should be 
watched closely for stray surviving plants which must be dug out 
completely whenever they are found. 

The advantage of fallow for weed control and eradication is 
largely one of convenience. When fallow is not necessary for other 
reasons, the same labor on the land can be expended in clean cultiva- 
tion of a crop which is as effective as fallow in the eradication of 
the Canada thistle, Russian knapweed and most other perennial 
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weeds. Like fallow this practice must be continuous thruout the 
growing season of the thistle or knapweed. 

For large infestations there is no more convenient means of 
starvation of the roots than the use of a dense soil cover that can 
keep well ahead of the development of the Canada thistle or Russian 
knapweed. Recommendation of specific smother crops is difficult 
because of the difference in their behavior under varying conditions. 
On dryland, after two summers of clean fallow, a heavy stand of 
cane or millet should be easy to obtain, and it should complete the 
starvation of the roots of perennial weeds. Perennial crops which 
cannot be irrigated are likely to be ineffective for smothering out 
perennial weeds because they cannot produce a dense, rank growth 
season after season. On irrigated land, however, where growing 
conditions are largely under control the choice of smother crops can 
fall upon those that are most convenient and profitable. 

Altho crop rotation is usually considered to be more of a control 
than an eradication measure, reports of killing perennial weeds by 
crop rotation are numerous. No generally useful recommendation 
can be made excepting that the systems always make use of a suc- 
cession of cultivated and smother crops. 

In any practice for the prevention, control, or eradication of 


perennials, the price of freedom from weed pests is ETERNAL 
VIGILANCE. 
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BPRREG@T OR EGMNITEVCEMENTFAND PEASTER*\ OF 
Eels oe ONT RENGUEIOE CONCRETE 
PES ig@y LINDERS 


By Don J. TRIPP, TESTING ENGINEER 


For the last 8 or 9 years, thru a cooperative agreement, the 
Road Materials Laboratory of the Colorado Agricultural College 
has been testing the field cylinders of the Colorado State High- 
way Department. Because of the difficulty and time required 
for capping the cylinders in the field, these cylinders come to the 
laboratory uncapped and are usually about 10 days old. It is 
necessary to cap these cylinders before testing them and it is 
our regular procedure to cap them with lumnite cement mortar. 
This method requires 2 days, 1 day to thoroly wet the cylinders 
and the other for the caps to harden. The cylinders sometimes 
reach the laboratory with less time than this remaining before 
being tested and when this is the case we use plaster of paris 
caps, which require only 15 or 20 minutes to harden. 

To determine whether or not our methods of capping were 
satisfactory, it was thought advisable to run a short series of 
tests to determine what effect the different caps had on the com- 
pressive strength of the specimens. This was particularly true 
of the lumnite cap which has been the subject of some criticism. 

It was thought that rather than make experiments covering 
all conditions it would be better to experiment with extreme con- 
ditions only, and if the methods of capping were satisfactory for 
these conditions, they would certainly be satisfactory for inter- 
mediate conditions. Accordingly, only two different mixes were 
used. One, a mix giving concrete of a strength of about 1800 
pounds per square inch at 28 days, was proportioned 1 :4.57:5.55 
by weight. The other, which made a concrete of approximately 
4800 pounds strength per square inch at 28 days, was proportion- 
ed of 1:1.97:2.89 by weight. The water-cement ratio used in the 
first mix was 1.15 and in the second, 0.70. The low-strength 
cylinders were tested only at 28 days but the high-strength cyl- 
inders were tested both at 7 and 28 days. In this way we experi- 
mented with high- and low-strength cylinders and with cylinders 
tested at the two ages of 7 and 28 days. We also made some of 
the cylinders with rough ends and some with relatively smooth 
ends. 

It is desired to acknowledge the helpful assistance given by 
Fred A. Riddell and Ira R. Rubottom, former laboratory assist- 
ants who assisted in making the tests. 


MATERIALS AND MAKING OF TEST SPECIMENS 


The following materials were used in making the concrete 
test cylinders: 
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The cement used was a portland cement manufactured by 
the Boettcher Plant of the Colorado Portland Cement Company. 
That this cement is stronger than the average portland cement 
is shown by the high strengths obtained in the following tests. 

The sand used was a granitic river sand, of hard angular 
particles which had the following grading: 


Passing 4-mesgh sieve___.2_.._+-2100.0 percent 
Passing 8-mesh sieve__-_- 83.3 percent 
Passing 14-mesh sieve____------ 64.4 percent 
Passing. -28-mesh sicvelsas eae 34.3 percent 
Passing 48-mesh sieve__---------- 13.8 percent 
Passing 1 00-meshvsievese== = = 4.2 percent 
Silt by eleutriation s Jo WOsperecent 


The gravel used was hard granitic river gravel, partly crush- 
ed, which had the following grading: 


Passing 1¥o-inchescreen’ 2-2 oe 100.0 percent 
Passingn34-inch=screen 222-2. 22222" 51.2 percent 
PassingaoG-nchssereeng 2. ae ee 20.5 percent 
Passing 4-mesh sieve 222 eee 0.0 percent 


In order to assure the same grading of sand and gravel in 
each batch of concrete, the sand was split into two parts, and the 
gravel into three parts by hand sieving. These parts were re- 
combined in each batch to give as nearly the original gradings as 
possible. 

The concrete was mixed by hand in batches large enough to 
fill five 6- by 12-inch steel cylinder molds; and ordinarily not more 
than 2 batches were mixed in 1 day. The molds were filled in the 
regular way, which is to rod each third as it is placed in the mold, 
except that to eliminate the variation due to imperfect cylinders, 
each third was rodded more than the customary 25 times. This 
partly accounts for the high strengths obtained. Figure 1 shows 
the cylinder molds ready for filling. 

The day after the cylinders were molded they were removed 
from the molds and stored in water until the day before they 
were to be tested. At this time they were removed from the 
water and capped as will be described later. After capping they 
were covered with wet burlap until just before they were to be 
tested. 

Of the 5 cylinders made from each batch, 1 was capped 
shortly after molding with what we term a standard cap. This 
method of capping will be described later. Two of the remaining 
4 were left with what we call ordinary ends. These ends were 
produced by molding the cylinders on a piece of unplaned lumber 
and striking the tops off with a straight edge. The ends of the 
other 2 cylinders were left extremely rough. The lower ends 
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Fig. 1.—Cylinder molds ready for filling. Notice that the two on the left have 
been placed on unplaned lumber, the two on the right on rough plaster of paris bases 
and the center one has been set on a machined steel plate. 


were made rough by molding the cylinders on roughened bases 
of plaster of paris, 2 of which are shown in Figure 2, and upper 
ends were made as rough as possible with a trowel. 

Figure 3 shows the 5 cylinder molds after all have been filled 
and the standard cap has been applied to the center cylinder. The 
2 cylinders on the left are the 2 with ordinary ends and the 2 on 
the right are those with rough ends. Figure 4 shows the end 
conditions obtained on the 5 cylinders. The lower ends of the 2 
outside cylinders have been turned up to show the end conditions 
obtained with the unplaned lumber and the plaster of paris bases. 


APPARATUS AND METHODS OF CAPPING 
On the day before the cylinders were to be tested, all of 
them, including the cylinder already capped with the standard 
cap, were removed from the water. To each end of 1 rough-end- 
ed cylinder and 1 cylinder with ordinary ends, plaster of paris 
caps were applied. The 2 other uncapped cylinders were capped 
in the same way with the lumnite cap. The apparatus used in 
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applying these caps and obtaining square ends on the test speci- 
mens is shown in Figure 5. Figure 6 shows the apparatus being 
used to cap a cylinder with plaster of paris. 

The plates cn which the cylinders were placed were perfectly 
horizontal and the cylinders were set vertical as is shown in the 


Fig. 2.—Showing two rough plaster of paris bases. 


Fig. 3.—Showing the cylinders in the molds. The glass plate used in applying 
the standard cap to the center cylinder is in place. ; 


p 
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Fig. 4.—Showing the end conditions obtained on the cylinders. The bottom 
ends of the two outside cylinders have been turned up to show the effect of the 
bases. A standard cap has been applied to the center cylinder. 


Shield made of ig sheet metal. 


Plaster of Paris Base. 


Fig. 5.—Apparatus for plumbing cylinders and leveling caps. 
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picture on the left. In this way the lower cap ends were made 
perpendicular to the cylinder sides. 

Ags soon as the lower caps became sufficiently solid the up- 
per caps were applied and made parallel to the bottom caps by 
leveling the upper glass plates. This equipment has proved itself 


Fig. 6.—Left. Setting cylinder vertical on horizontal glass plate while apply- 
ing lower cap. Right. Leveling upper glass plate while applying cap to the upper 
end. 


very adaptable to our needs in capping field cylinders. The pur- 
pose of removing the cylinder with the standard cap from the 
water was to subject it to the same identical curing conditions 
as the other cylinders. 

The standard cap was applied to the upper end of 1 cylinder 
in each batch 2 to 4 hours after it was molded and was made of 
retempered portland cement paste which was mixed at the time 
the cylinders were made. The upper cap was made smooth by 
application of a heavy glass plate which was left in place until 
the following day. A cylinder with the glass plate in place is 
shown in Figure 2. A cap on the lower end was unnecessary be-. 
cause the cylinder to be capped in this way was molded on a ma- 
chined steel plate. 

The plaster of paris caps were applied to both ends of the 
cylinders with the capping apparatus. The lower ends were cap- 
ped by embedding them in plaster of paris paste which had been 
mixed and placed on the perfectly level glass plates of the cap- 
ping stand. The upper ends were capped by covering them with 
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LFFECT oF LEWD CONDITION AND CAP ON STRENGTH 
—~ Standard Cap Strength considered as 100 Percent ~ 
C Standard Cap 
Plaster of Paris Cap - Ordinary Ends 
E23) Plaster of Paris Cap - Rough Ends 
Lumnite Cap - Ordinary Ends 
Lumnite Cap - Rough Ends 
1800/8, Cylinders -28Lays 360016 Gylinders-7Days -48000b lyliraders-28Days 
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Fig. 7.—Showing the effect of end condition on cap and strength. 


plaster of paris paste and smoothing them off with heavy glass 
plates which were left in place until the paste had thoroly hard- 
ened. Two views of capping a cylinder with plaster of paris are 
shown in Figure 5. 

The lumnite caps were applied in the same way as the plas- 
ter of paris caps except that a mortar of lumnite cement and fine 
sand which had been mixed 1 to 3 hours before and retempered 
just before using was used instead of the plaster of paris paste. 
The sand used in the mortar passed a 20-mesh sieve. 

All of the cylinders were tested on the day following the ap- 
plication of the lumnite and plaster of paris caps with a 150,000- 
pound testing machine. 


RESULTS 
In the following tables are given the compressive strengths 
in pounds per square inch of the test specimens capped in the 
different ways. The strengths of the cylinders made from each 
separate batch are placed opposite one another. 
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TABLE 1.—28-DAY CYLINDERS. (1800 Ibs. per sq. in.) 


Standard Plaster of paris cap Lumnite cap 

cap Ordinary end Rough end Ordinary end Rough end 
1720 L705 1635 1815 W755 

1685 1905 1715 2020 1985 

2040 1935 1890 1975 2010 

1995 1970 1935 2010 2200 

1860 1855 1750 1855 1855 
1860( Ave) 1874(Ave) 1785 (Ave) 1935 (Ave) 1961 (Ave) 


TABLE 2.—7-DAY CYLINDERS. (3600 Ibs. per sa. in.) 


Standard Plaster of paris cap Luminite cap 

cap Ordinary end Rough end Ordinary end Rough end 
3340 3170 2970 « 3215 3205 

3895 3330 3180 3450 3610 

3660 3285 3290 3565 3720 

3765 3835 3410 3800 3620 

4045 3650 3445 3920 3980 

3741 (Ave) 3454 (Ave) 3259 (Ave) 3590(Ave) 3627(Ave) 


TABLE 3.—28-DAY CYLINDERS. (4800 Ibs. per sq. in.) 


Standard Plaster of paris cap Lumnite cap 

cap Ordinary end Rough end Ordinary end Rough end 
5225 4570 4220 4765 5140 

5130 4800 3560 5190 4835 

5410 5085 3510 4750 5190 

4920 4550 4010 4875 4575 

4215 4125 3265 3825 3940 
4980(Ave) 4624(Ave) 3713 (Ave) 4681(Ave) 4736 (Ave) 


Figure 7 shows graphically the averages in the above tables 
expressed as percentages of the average standard cap strength. 

To obtain further proof that the method of capping did ef- 
fect the strength of field cylinders we tried capping half of each 
set of the field cylinders of the Colorado State Highway Depart- 
ment with the lumnite cap and the other half with the plaster of 
paris cap. In most cases a little portland cement was added to 
the plaster of paris to keep it from setting so fast. Of the 251 
sets treated in this way, better than 70 percent tested higher 
with the lumnite cap. The average strength of the lumnite cap- 
ped cylinders was 5.69 percent higher than that of the plaster of 
paris capped cylinders. Most of the sets consisted of only 2 cyl- 
inders but some were sets of 4. 


In studying Table 1, it will be seen that the maximum varia- 
tion between strengths of different batches as shown by the 
standard capped cylinders was about 355 pounds per square inch, 
or 19.1 percent. From Table 2 the maximum variation in the 
strength of different batches of 3700-pounds-per-square-inch cyl- 
inders was 705 pounds per square inch, or 18.8 percent. Table 
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38 shows the maximum variation between batches for 4800- 
pounds-per-square-inch cylinders to be 1295 pounds, or 26.0 per- 
cent. It must be remembered that the above figures are based 
on only 1 cylinder from each batch and that variations caused 
by the differences in cylinders are included in the variations giv- 
en. Also nearly all of the batches were made on different days 
so that the variations due to atmospheric conditions were also in- 
cluded. Nevertheless, it shows that the variation in concrete 
from day to day even under the closest control is far greater than 
any error caused by method of capping which is likely to occur. 


However, in dealing with field tests of concrete it is the av- 
erage with which we deal rather than the strength of individual 
specimens. The sample for any piece of concrete work usually in- 
cludes 3 or 4 test cylinders from different batches of concrete and 
the error due to differences in cylinders is compensating, but if 
we break all of these cylinders after capping them with caps 
which cause them to give less strength than they should, then all 
of the set of cylinders are too low and such an error is not com- 
pensating but remains the same and the average for that job or 
that particular set is lower than it should be by the differences 
caused by the caps. It is seen, therefore, that the method of cap- 
ping does deserve a great deal of attention, especially when we 
consider that a plaster of paris cap on a rough-ended cylinder may 
show only a little better than 70 percent of the true strength. 
This fact is shown by Figure 7. 

Also from Figure 7 it will be seen that various methods of 
capping do not give the same relative differences in strength 
when used on cylinders of different strengths. For the 1800- 
pound cylinders, only the plaster of paris cap on a cylinder with 
rough ends gave a lower strength than the standard cap method, 
while for the two higher-strength sets neither the strength of 
the cylinders with the lumnite cap nor the plaster of paris cap 
came up to the standard cap. The lumnite cap, judging from the 
results obtained, always gave a strength higher than the plaster 
of paris cap. 

One of the principal advantages in favor of the lumnite cap 
is the fact that rough or smooth ends have very little effect on 
the strength when this cap is used. When the plaster of paris 
cap is used the end condition has a marked effect on the strength. 
For all 3 sets of cylinders, the lumnite cap gave a slightly high- 
er strength on a roughened cylinder than on a smooth-ended cyl- 
inder. With the plaster of paris cap the reverse was true. 

The experiments with field cylinders already referred to also 
show that capping cylinders with lumnite caps caused them to 
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give higher strengths than when they were capped with plaster 
of paris caps. Field cylinders vary considerably in strength, but 
the average difference of 5.69 percent is probably very close to 
true difference produced by the use of the 2 caps on cylinders of 
about 3000 pounds per square inch. This was about the average 
of the field cylinders tested at that time. 


CONCLUSIONS 


1. The variation in the strength of individual cylinders is 
probably greater than any variation likely to occur due to method 
of capping. 

2. Altho the variation due to capping under ordinary con- 
ditions is probably negligible when considering individual cylin- 
ders, it should be given attention when considering the average 
of a number of cylinders since the variation due to capping is not 
compensating. 


3. From the results obtained, it appears that the different 
methods of capping do not give the same relative differences in 
strength when used on cylinders of various strengths. In other 
words, the method of capping which gives the highest strength 
for 1800-pound concrete may not give the highest for 5000-pound 
concrete. 


4. Rough ends appear to have little effect on the strength 
when the lumnite cap is used. 

5. Rough ends give a considerably lower strength when 
plaster of paris caps are used. The strength shown may be only 
70 percent of the true strength in the case of high-strength cylin- 
ders. 

6. Altho there may be better caps than the lumnite cap, the 
maximum variation between the strength given by this cap and 
strength shown by the standard cap is only about 5 percent. 
Then, too, it appears from the results obtained that strengths 
shown by these 2 caps are about the same for 3000-pound con- 
crete which is probably very close to the average of all of the 
cylinders tested. Since the standard cap is the accepted one, it 
appears that there can be no serious objections to the use of the 
lumnite cap. 

7. An important advantage of the lumnite cap is that it 
has shown itself to be far easier to apply to uncapped field cylin- 
ders than any other cap tried in this laboratory. 

8. Apparently it is the strength of the cylinders and not 
the age which determines the effect which different methods of 
capping have on the strengths obtained. 
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SUGGESTIONS CONCERNING SMALL 
IRRIGATION PUMPING PLANTS 


By W. E. Copr, Associate in Irrigation Investigations 


Pumping for irrigation is economically feasible in Colorado, 
and as proper guidance is lacking to the farmer in the development 
of the water supply for pumping and the selection of the type of 
equipment best suited to his needs, the following discussion has been 
prepared to aid him in improving his present installation or in 
designing a new plant. 

Wells 

Wells in this state are principally of two classes; those having 
riveted sheet-metal casing of from 10 to 48 inches in diameter, and 
those of the pit type from 6 to 15 feet in diameter, using a curb 
of bricks or concrete blocks. 

Riveted casing of galvan- 
ized sheet steel in 2- to 3-foot 
lengths in 12 to 16 gauge, 
is commonly used. In the 
smaller sizes, these lengths 
may be larger at one end than 
at the other so that they may 
be slipped together and riy- 
eted, or one end of a length 
may be swedged out to receive 
the next section. In the larger 
sizes, the lengths may be but- 
ted together and the joint 
made by riveting the ends to 
an iron band placed either in- 
side or outside, Perforated 
sections are made by punch- 
ing slits about 114 inches long 
from the inside without re- 
moving any metal and leaving 
an opening of from 1/64 to 
14 inch wide. Casing may be 


igure 1.—Sinking a 48-inch steel well cas- 


forced down by loading 4 long ing near Brush, Colo. About a 16-ton load 
wus used on this casing,—much more than 
lever arranged across ao top usually needed because of difficulties encoun- 
tered. Photograph by courtesi tOss 
of the well, but in the larger Ce CAE OM Lysate noes 


sizes, a platform is built on 

top of the casing and loaded with bags of sand, as shown in Fig. 1. 
The smaller sizes of wells are put down by means of a sand 

bucket, slightly smaller than the casing, except where clay is encoun- 
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tered and then an auger is used. For shallow depth, these wells 
may be put down by hand methods, but for the deeper ones using 
heavy buckets, the standard drilling rig is necessary. When the 
diameter is 24 inches or over, the orange-peel bucket may be used 
to remove the material from within the casing. Difficulty may be 
experienced with an orange-peel bucket when going thru clay 
which may have to be removed with a spade. 

The churning of the sand bucket loosens up the material near 
the well. One driller takes advantage of this, when the water 
surface is in clay, by running a large auger hole down on opposite 
sides of the wall at an angle so that each will intersect its axis near 
the water surface. While drilling, he feeds into these auger holes 
small gravel which sinks and follows the casing. This improves 
the condition for water entry into the well from thin water-bearing 
strata. 

An envelope of gravel may be placed around the well by first 
sinking a blank casing to the full depth, inserting the final per- 
forated casing and then feeding small uniform gravel into the 
space between them as the outer one is withdrawn. This gravel 
screen improves the opportunity for water to enter the casing the 
full length of the water-bearing area in the well, and prevents the 
accumulation of fine gravel next to the perforations. 

When completed, the well should be developed or worked by 
the driller. The method usually used is the plunging of the sand 
bucket up and down, as in the regular drilling operation, in the 
region of the perforations. This plunging is started usually at the 
water surface or at the first perforations and applied for short 
periods of time in 3- or 4-foot stages until the bottom is reached. 
The movement of the bucket in the areas of perforation will draw 
considerable sand into the well, that settles to the bottom and can 
then be removed. This operation should be continued as long as 
sand enters the well. 


In unknown territory, the well driller first puts down a test 
well to determine the location and extent of the various strata of 
clay, sand and gravel. In putting down the permanent well, the 
perforated and the blank casing are assembled so that they will 
land at the proper depths when the well is completed. It is often 
desirable to exclude strata of fine sand from the well with blank 
casing. The size of perforation or slit should be governed by the 
material found in the test well. 

It is very important that a new well be properly pumped for 
the first time and everything should be in readiness to operate con- 
tinuously for a day or two. The equipment should be such that 
the discharge from the pump can be varied, either by valves or by 
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changing the pump speed. At first a small quantity of water should 
be pumped and the rate maintained until the water becomes clear. 
The discharge is then increased and usually the water becomes 
murky again. Pumping is continued until the water becomes clear 
before the flow is increased. This procedure is carried on until 
full capacity is reached. New wells operated at full capacity for 
the first time may become clogged when the pump is stopped, or 
so much sand may enter the casing as to obstruct the pump, espe- 
cially if of the turbine type. 


The sinking of shallow wells of large size is accomplished 
usually by hand methods and requires the use of an unwatering 
pump to keep the water level low enough for men to work. This 
type of well is dug as an open pit to the water level or to loose sand 
and gravel where a circular foundation shoe of 2 by 6-inch planks 
laid flat is built up to a height of 2 or 3 feet. Water enters thru 
the spaces between the ends of the planks which are staggered in 
the successive courses. Another type of shoe, offering less resist- 
ance to sinking, may be built of beveled 2 by 4-inch lumber set 
vertically so as to leave narrow spaces between the pieces, and the 
whole held together by iron bands or horizontal planks cut in ares 
of a circle. Bricks or concrete blocks are placed upon the shoe 
and, as material is removed from underneath, the composite curb 
sinks by reason of its weight. Considerable caution must be exer- 
cised in order to keep the walls plumb. This type of construction 
is shown in Fig. 4. Large-diameter wells may also be dug by 
using a reinforced concrete caisson. 


It is practically impossible to forecast what the draw-down will 
be in a well under pumping, especially in an untried district. Wells 
in a proved area may have similar characteristics and a reasonable 
estimate may be made of their yield. Since the testing of a well is 
an added expense, it is frequently considered unnecessary and 
equipment is purchased wholly unsuited to the conditions that. later 
develop. If the draw-down is excessive, it is usual to sink other 
auxiliary, adjacent wells which are connected to the main one either 
by siphoning or by direct connection to the pump. 

A practice of obtaining a guarantee from a well driller of a 
stated quantity of water from a well does not always yield the 
desired results. Providing the well is deep enough, a wide range 
of discharges may be obtained, but each will have a different draw- 
down effect on the well and it may not be economical to lift the 
water against the head that is required to pump the guaranteed 
quantity of water. It is safer to contract with an experienced and 
responsible well driller to complete the well or system of wells that 
on test proves adequate for the demand imposed upon it. 
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Figure 3. 
pump has a divided suction and the case is horizontally split allowing easy access 
to the impeller. (Hlectroype by courtesy of the Allis-Chalmers Mfg. Co.) 


A horizontal centrifugal pump direct connected to an electric motor. This 


The cost of pit wells varies according to the size and the dif_i- 
culties encountered in sinking but may be estimated at from $20 to 
$30 per foot for materials and digging. Estimates for wells with 
metal casing are given in Table 1. 


TABLE 1.—Approximate Cost per Foot of 16-gauge, Galvanized 
Stee] Well Casing and Drilling. 


Size 
Inches Cost of Casing Cost of Drilling 

6 . $ 0.75 $ 1.25 
10 1.10 PA O10) 
n be 1.20 2.50 
115 1.60 3.00 
18 1.75 4.00 

48 10.00 8.00 


When pumping from ditches and lakes, the intakes should be 
of ample size, substantially built, and deep enough to keep the 
suction pipe well submerged to prevent the entrance of air. They 
should be provided with gratings or screens to prevent trash being 
drawn into the pump. 


Pumps 


Pumps of various kinds are used thruout the West for irri- 
gation but the most commonly used are the horizontal centrifugal, 
vertical centrifugal, turbine and propeller pumps. Other types 
such as the rotary, plunger, bucket, air lift and special forms of 
the centrifugal are used to a lesser extent under special conditions. 
The purchaser should consider all the conditions affecting his prob- 
lem before selecting the equipment. Ordinarily, any one of the 
first four mentioned types of pump will meet the requirements; 
however, in the final choice the cost or ease of operation may be the 
deciding factor. The following brief description of the common 
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types of pumps is given as a means of assisting 1n the proper selec- 
tion of equipment: 


Horizontal Centrifugal—This pump has its axis of rotation 
horizontal and its rated size is that of the discharge outlet. It is 
the pump most commonly used, is built in all sizes, and the selling 
price covers a wide range according to the design and the materials 
used. Per unit of capacity, it is the cheapest pump obtainable. It 
may be belt driven and lends itself conveniently to direct. electric- 
motor or auto-engine drive. Since it must be placed above the 
water level, it is limited by the suction lift which should not exceed 
20 feet and preferably 15 feet. 

This type occurs in two forms; single or side suction, and 
double suction, and it should have a convenient, water-sealed pack- 
ing gland and two bearings. The hydraulic balance of the side- 
suction pump must be obtained thru some mechanical device that 
will allow suction pressure to be exerted on both sides of the im- 
peller, while in the double-suction pump this balance is accomplished 
automatically. Ixperience shows that the cheap pump lacks me- 
chanical refinements which are necessary for long life and high 
efficiency. A pitcher pump, attached to the top of the pump case, 
is the common means of priming and such an arrangement requires 
a valve in the discharge line, as shown in Fig. 2. If the total lift 
does not exceed 40 feet, a foot valve at the lower end of the suction 
pipe may be used and the pump primed by pouring water into the 
discharge pipe. This method of priming is not always satisfactory 
because of the uncertain action of this submerged valve. A direct 
connected, motor driven, horizontal centrifugal pump is shown in 
Fig. 3. 

Vertical Centrifugal—This type is practically the same as the 
horizontal centrifugal except that its axis of rotation is vertical. 
The pump is held in a timber or steel frame which stands vertically 
in the well and supports the driving shaft to a point above the 
ground surface where the driving pulley or direct-connected vertical 
motor is placed. The pump is often placed below the water surface 
and thus requires no priming; however. the whole frame must be 
lifted when the packing gland needs attention. 


Vibration is a source of trouble in this type of installation and 
every effort should be made to keep it to a minimum. ‘The frame 
should be strong, well braced and firmly supported at the top, and 
the shaft should have bearings at frequent intervals equipped with 
a convenient lubrication system. Ordinarily a large-sized well is 
required for its installation but recently a type has been developed 


that will enter a 24-inch well. Fig. 4 illustrates an installation of 
this type of pump. 
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Figure 4.—A vertical centrifugal pump, engine driven, installed in a pit. 
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The Turbine.—The turbine pump is a development of the ver- 
tical centrifugal but instead of the large scroll case for the reception 
of the water from the impeller, diffusion vanes conduct the water 
upwards and a pump of small diameter is obtained. Considerable 
attention has been given to the design of this type of pump to pro- 
duce a dependable and efficient piece of machinery. It is made in 
sizes that can be installed in wells of from 6 to 24 inches in diameter. 
The driving shaft is usually enclosed in a centrally located tube 
which carries the shaft bearings and the lubrication from the ground 
surface. The rotating parts and the water in the discharge pipe are 
carried on a ball or roller bearing in the pump head which is built 
of cast iron and supports the entire weight of the pump. The depth 
of setting is limited only by the mechanical difficulties encountered 
by the increasing weight of the parts when placed deep in a well. 
This pump is well adapted for lifts of from 40 to 200 feet. It has 
no draw-down limitations since the pump bowls may be set at any 
point in the well, or changed later to fit a new condition. 


The turbine pump may be obtained with a direct connected 
motor which is designed as an integral part of the pump head, or 
with a pulley for belt drive. Its first cost ordinarily is greater than 
the vertical centrifugal pump and repairs are more costly since the 
entire pump must be removed from the well with special equip- 
ment. 


It is not suited to pump from a battery of wells except when 
the siphon system is used. A derrick over the well is not needed 
except for the large sizes or when the column pipe is assembled in 
long lengths. Usually the pump dealer has the equipment necessary 
to remove the pump from the well for inspection and repairs. Fig, 5 
and the cover illustration show installations of the turbine pump. 


Propeller Pumps.—In recent years, this type of pump has 
received a great deal of attention from pump builders and is some- 
times classified as a turbine. Essentially it is a long pipe contain- 
ing the drive shaft along which helical-shaped propellers are placed 
at definite intervals or grouped at the bottom. The water flows 
practically upwards at all points and for this reason its hydraulic 
features are quite different from those of the turbine. For similar 
conditions this type of pump will deliver more water from a well 
of ie diameter than any other type, with the exception of the 
aie Lact: 


The principal objection in the past to these pumps was from 
the mechanical standpoint of maintaining bearings inside the dis- 
charge pipe. These bearings are either oil or water lubricated and 
are now proving to be satisfactory, 
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Figure 5.—A vertical turbine pump direct connected to an electric 
motor. This pump, being self priming, may be arranged for automatic 
starting after a stop due to a power interruption. Note recommenda- 


tions for certain clearances, 
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Favorable conditions for high efficiency in centrifugal and tur- 
bine pumps range between capacities of from 400 to 4,000 gallons 
per minute and heads of from 20 to 80 feet. An efficiency of be- 
tween 45 and 50 percent may be expected in pumping 200 gallons 
per minute against a 20-foot head, while 70 to 75 percent may be 
obtained in pumping 1,500 gallons per minute against a 60-foot 
head. Under very favorable conditions, efficiencies exceeding 80 
percent have been obtained. Propeller pumps may give better 
efficiencies for small discharges than those mentioned above but, in 
general, they follow the same ranges. 


The vertical centrifugal, turbine and propeller pumps, being 
self-priming, are well adapted to the automatic feature of electric 
drive. This feature consists of a special electrical device which 
allows the motor to start again after a stop, due to a power inter- 
ruption such as is caused by lightning during a storm. 


Other Types.—There are many varieties of centrifugal pumps 
designed to meet special conditions or of temporary experimental 
manufacture. Ordinarily, the pump irrigator should select stand- 
ard machinery and avoid new or untried pumps. 


There are many designs of the rotary pump which depend on a 
rubbing or rolling contact to obtain a positive displacement of the 
water. As the rotating elements wear in this pump, its initial high 
efficiency is considerably impaired. In general, this type is not 
suitable for irrigation pumping. 

Bucket pumps find their place in raising water from lakes or 
ditches where a constant water level at the source is maintained. 


The air-lift requires a depth of water in a well not less than 
twice the distance that the water is to be raised. Air under pressure 
is forced into the discharge pipe thru a special device at the bot- 
tom, which is so designed that the air will be broken up into small 
bubbles. Large quantities of water may be pumped from a small 
well by this method and it has a distinct advantage in that there 
are no moving parts in the well. Its disadvantages are in its rela- 
tively low efficiency, seldom greater than 45 percent, the depth of 
submergence required, and the relatively high first cost. 


Plunger pumps are of low capacity and used mainly for high 
lifts. When double acting with overlapping stroke, their efficiency 
is very high, In Colorado, the ordinary single-acting pump, driven 
by a windmill or small engine, is used to irrigate lawns or small 
gardens. 

Under favorable circumstances of obtaining water and head, 


the hydraulic ram may be employed to furnish water cheaply in 
small quantities, 
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Power 


Gasoline and oil engines are rated on brake horsepower and to 
obtain ease and reliability of operation, they should not be fully 
loaded. Tor stationary work, the heavy, slow-speed engine should 
be used because of its long life. In the larger sizes, distillate or fuel 
oil may be used, which can be purchased for about two-thirds the 
price of gasoline. Hot-head engines are designed to operate on the 
lower grade fuels, such as “27 plus,” which may not be readily 
obtained on the local market, as well as kerosene and distillate. The 
fuel economy of a hot-head or semi-Diesel engine is usually greater 
than that of an ordinary, electric-ignition engine but is more costly. 
Generally speaking, the Diesel engine, altho the most efficient, is 
not suitable as power for small installations because of the high 
cost and expert attendance required in its operation. Internal com- 
bustion engines, unless of ample proportions, will seldom develop 
their rated horsepower at altitudes that obtain in Colorado. Allow- 
ance should be made also for depreciation in efficiency as the cylin- 
ders, piston rings and other moving parts become worn. Poor per- 
formance and a dropping off in speed, with a consequent diminution 
in the amount of water pumped, result from not having a surplus 
of power when the engine is new. The tractor often proves the most 
economical source of power for pumping when not required for 
other farm operations. This is especially true if the pumping plant 
is used but a short time each year. 

The full horsepower rating of an electric motor can always be 
relied upon and often a slight continuous overload. Automatic 
electrical devices may be installed whereby the motor will start 
again after a stop due to power interruptions. A motor has a much 
longer life than the internal combustion engine and its ease and 
convenience of operation and automatic features make it the ideal 
source of power. 

Plant Design 


The smallest practicable plant is the most economical from the 
standpoint of cost of operation. However, certain conditions of 
farm management, the method of irrigation and the cost of water 
distribution may prove such a plant to be too small. All these 
factors must be corisidered as a group in order to select a plant 
which is of the proper size for the convenient and economic opera- 
tion of the farm as a whole. 


Oversized plants cause the following additional cost: 
1—Extra first cost of pump and motor or engine; 
9_Greater draw-down in the well, or additional wells; 

Greater “readiness-to-serve” charge on a motor, or 

more power to be paid for at the maximum rate. 
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In order to determine the size of the plant, certain assumptions 
must be made, viz.: The number of hours per day and the number 
of days per month of maximum use that a plant will be operated. 
The general method of determining the requirements of pump 
capacity and power is illustrated in the following problem : . 

Assume that on an 80-acre farm, one 5-inch irrigation is to 
be applied during a period of 30 days by pumping for one-third of 
the time, and that the water is to be lifted against a total head of 
30 feet. 

The total quantity of water to be pumped will be 5/12 80 = 
33.33 acre-feet, or at the rate of 1.11 acre-feet per 24-hour day. This 
rate requires a continuous flow of 0.56 cubic-foot per second’. Since 
the plant is to be operated but one-third of the time, then the pump 
must deliver three times this rate or 1.68 cubic-feet per second 
(755 gals. per minute)*. The power represented by lifting this 
quantity of water 30 feet is (1.68 x 30) +- 8.8 — 5.73 water horse- 
power*. If the pump is 60 percent efficient, then the necessary 
power to be applied to the pump is 5.73 -> 0.60 = 9.55 horsepower. 
The motor size, either for direct or belt drive, will be 10 horsepower, 
or a gasoline engine of at least 12 or preferably 15 horsepower. 


The kind of well required will be governed by the particular 
local conditions. In many areas the well is limited in depth to 30 
or 35 feet by a thick stratum of sandstone or shale, and the water- 
yielding material may be but 10 or 15 feet thick. These conditions 
limit the draw-down and are unfavorable for a large yield. Within 
reasonable limits under such conditions, the larger the well diameter 
the greater the yield; however, this point cannot be determined 
until fully tested. To augment the yield it is usual to drill other 
small wells at a distance of 30 or 40 feet and connect them to the 
pump suction pipe, or to siphon them into the main well. Some- 
times a battery of small wells is drilled, the number depending on 
the quantity of water desired and the character of the gravel stra- 
tum, all connected to a common suction pipe to the pump. Where a 
depth of 50 feet or more is obtainable in good water-bearing ma- 
terial, a single drilled well may produce the required amount of 
water, The yield conditions from any well in water-bearing material 
improve with the depth, and the size of well becomes of lesser 
importance. 


There is but one set of conditions of speed, head and discharge 
for the centrifugal, turbine or propeller pumps at which the effici- 
ency 1S a maximum. A change in any one of these factors affects 


pone cubic-foot per second flowing for 24 hours equals approximately 2 acre-feet 
per day. 


*One cubie-foot per second equals approximately 450 gallons per minute. 
‘Water horsepower = cubiec-feet per second x lift in feet 
a 
8.8 
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the others; an increase of speed ordinarily causes an increase in 
discharge or gives the same discharge at a higher head, or if the 
speed remains constant and the head is mierea sed. less water will be 
pumped. It is seldom that the conditions are auch that a pump 
will deliver its peak efficiency but it is possible to purchase one that 
fits reasonably close. The rated size of stock pump may deliver the 
desired quantity of water but still be poorly suited to the conditions 
to give reasonable efficiency. Impellers are made in various diam- 
eters and with various shapes of vanes for the same pump case in 
order to meet specific conditions. 

The horizontal centrifugal pump must be placed so that the 
suction lift does not exceed the practicable limit of about 20 feet. 
It may be set in deep pits when direct connected to an electric motor 
but the operation becomes inconvenient when the pit is over 40 feet 
deep. The maximum depth at which this type of pump can be set 
is about 20 feet when belt driven from the ground surface. The 
vertical centrifugal pump usually requires a pit at least 5 feet in 
diameter for its installation and the depth of setting is limited to 
about 50 feet because of the long shaft and frame. Its use is par- 
ticularly indicated for a fluctuating water level or where the draw- 
down in the well is beyond the reach of the horizontal centrifugal 
pump. The turbine and propeller pumps are adaptable for pump- 
ing from greater depths than are possible with the vertical centrif- 
val and from wells of small diameter. Conditions for the use 
of the turbine and the vertical centrifugal overlap for the moderate 
depths. 

As a protection against the entry of silt or sand into the seal- 
ing gland of a centrifugal pump, it may be necessary to provide a 
settling tank so arranged that only clear water will be used thru 
the gland. This precaution should alw: ays be made when the well 
is first pumped. See Fig. 6. 

In the selection of piping, the pump should be set in such a 
position that unnecessary elbows, tees and other fittings are elim- 
inated. In connecting a small pipe to a larger one, a tapering sec- 
tion of length equal to 214 times the small pipe diameter should be 
used, and on turns, an elbow of long radius. 


Good material is usually the cheapest. Standard flanged pipe 
should be used on the suction side of the pump and if pumping 
from a battery of wells, the size of pipe should be proportioned so 
that the friction loss will be low and equalized. Usually a long 
discharge line is made larger than the discharge outlet of the pump 
to reduce the friction head. 

When steel pipe is used on long lines, it should be carried above 
the ground surface and given an occasional coat of preservative. 
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2 ; : ‘ 
Such exposed line of riveted 16- or 18-gauge steel should be service- 
able for at least 20 years. Pipe lines under pressure have longer 
life than those operating under suction conditions. 


The use of valves in connection with priming deserves careful 
study. Check valves and foot valves should not be put in long 
lines. A foot valve should not be used if the total head is greater 
than 40 feet or the discharge pipe is longer than 50 feet because, 
being quick acting, a water hammer is set up when the pump stops 
and rupture of the pump or piping may result. On a low lift, a 
foot valve alone may suffice for priming when water can be poured 
into the discharge pipe. For the higher lifts, a gate valve is placed 
in the discharge pipe just above the pump, and a pitcher or tank 
pump used to exhaust the air from the system in priming. In a 
battery-well installation, involving a long suction line, it is often 
desirable to use a power-driven priming pump. Air leaks in the 
pump or suction pipe greatly extend the time of, or prevent prim- 


ing, and decrease the pump efficiency. 


Excessive belt tightness and the use of idlers are to be avoided 
in preventing slippage which is better accomplished by the weight 
of the belt when the distance between pulleys is correct. (Gasoline 
engines require a greater distance between pulley centers than 
motors, usually not less than 20 feet. The belt should be of the 
correct thickness and width, according to the horsepower trans- 
mitted and the pulley diameters. <A thick belt should not be used on 
a pulley of small diameter. If a horizontal centrifugal pump is 
belt driven, the inclination of the belt should not exceed 45 degrees. 


Most gasoline engines are designed to pull from the bottom of 
the pulley and therefore must be set on the proper side of the pump 
to produce correct rotation. The recommendation of the manufac- 
turer should be followed as to the size of the foundation. 


Tt is usually desirable to have a tank cooling system rather than 
to use the circulating water direct from the pump, for, if the pump 
should lose its priming, the engine would soon become overheated 
and injured. It is often necessary to raise the water above the useful 
lift in order to force water thru the cooling system of the engine, 
thereby adding extra cost to the pumping operation. 


An electric motor should be carefully leveled in order to pre- 
vent end thrust and be securely bolted down to adequate founda- 
tions. Should the motor be developing its full power, it is essential 
that it have ample ventilation, especially during hot weather. It is 
recommended that the wiring of motors for farm pumping be done 
by or under the supervision of the power company furnishing the 
electricity. Outside wires are to be kept at least 8 feet from the 
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ground. All power wires inside the pump house should be in con- 
duit. Knife switches should be of the enclosed safety type. The 
starter should be of the size and type recommended by the motor 
manufacturer and placed not closer than 3 feet from the pump or 
motor except in the case of the push-button line starter. 

In damp places, as in the bottom of pits, it is often advisable to 
operate the starter while standing on a glass insulated stool. Pro- 
tection against lightning should be provided on the nearest power 
pole. Power voltage should be either 220 or 0, preferably the 
former. The use of 2,200 volt current thru the motor is positively 
dangerous and should not be considered, regardless of savings in 
power equipment. 


When the plant is completed, a permanent and safe means of 
conducting the water away from the pump should be built imme- 
diately. A concrete box should be built, so designed that the water 
may be easily diverted in any desired direction. The discharge pipe 
should not be carried higher than flow conditions in the box neces- 
sitate. 


Plant Care 


A shelter should always be provided for the plant, even if of 
crude design or cheap material. Protect the machinery; the better 
its appearance the more likely it will be to receive attention, as 
rusty or grimy equipment promotes an attitude of laxity in proper 
care. Keep the shelter house clean and avoid water on the floor 
by providing drains to the well or out of doors. 

The pump packing glands need attention periodically. They 
should not be drawn up so tight that heating results, as this wastes 
power and the pressure may scar the shaft. Packing will not stay 
in a satisfactory condition if the shaft is rough. Ordinarily the 
nuts can be set tight enough with the fingers or a light wrench. 
Where hard grease is used in sealing, the grease cup will probably 
need filling once a day and if water-sealed, the water flow will 
need daily inspection. Before freezing weather, the horizontal cen- 
trifugal pump in an exposed position should be drained, as well as 
all connected piping. The priming pump should be kept in repair 
and convenient in its operation. 

Belts should not be kept in full tension during long periods of 
disuse. Motors usually have screws in their base for making belt 
adjustments and should be loosened to release the tension. The belt 
must be removed from the pulley of the gasoline engine to accom- 
plish this result. The belt splice must be inspected frequently to see 
if it is pulling uniformly because unequal strain on the splice will 
cause the belt to run unevenly and may damage a rubber belt by 
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ripping. Belts of any sort should not be exposed to the weather 
and should be properly stored after the pumping season. 

Motors require but little attention, the most important thing 
being to keep the oil at the proper level in the reservoirs, using the 
best quality of oil designated for that purpose. Dust caps should 
always be kept closed. If the motor accidentally becomes sub- 
merged, attempt should not be made to operate it again without 
advice from someone thoroly familiar with motors. As an index to 
plant condition, the operator of an electrically driven plant should 
learn to compute the demand on the motor by counting the revolu- 
tions of the meter disk over a period of time. This will serve as 
a check on the condition of the pump and its bearings. A record 
should be kept each season of the number of hours of pumping, 
number of kilowatts used, and the power bill, for the purpose of 
comparing operation costs. 

Gasoline engines need frequent daily attention for the inspec- 
tion of all points of lubrication, the temperature of the cooling 
water, and fuel oil supply. Care must be taken to drain all water 
in freezing weather and it is always good practice to leave the 
piston out to the extreme stroke when the engine is not in use, to 
prevent dust from settling on the cylinder walls. 

Clean oils and greases for their respective uses should always 
be on hand. 

Wells should not be covered in such a way that they are inac- 
cessible. It is often desirable to inspect the well and note the water 
level when idle or while pumping, as a matter of record, because a 
lowered water table may be a reason for an increase in power 
demand. It may be desirable to sound the well occasionally to 
determine the extent of accumulation of sand in the bottom, The 
well should be protected against the entrance of any surface water, 
trash, or small animals. Attention is drawn to the fact that small 
pieces of wood entering a well will become water-logged and sink, 
and, on being drawn into the suction, may cause trouble by lodging 
in the pump runner, thus causing a diminished flow and an unbal- 
anced condition. There is also the element of danger in breakage of 
the impeller or pump case by the lodging of such trash, 


Estimates of Cost 

The prospective irrigation pumping-plant owner should inves- 
tigate, as completely as possible, its probable cost. It is not possible 
in this bulletin to give in detail all the items of the cost of a plant 
since each will have its own peculiarities of construction and these 
items necessarily must be obtained from a pump dealer or well 
driller. When investigating the cost of a motor, it is necessary to 
know the speed at which it runs as well as the horsepower and 
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whether it is equipped with a base, pulley or starting device. Trans- 
formers are sometimes furnished to large users of current by the 
power company as well as short pole lines. In cases where the 
transformers must be purchased, they are usually sold at no profit. 
Their cost is dependent on the primary voltage as well as the capac- 
ity. Pole lines-for three-phase service will cost about $1,000 per 
mile. Engines may or may not be fully equipped with a pulley, 
clutch, cooling water system, or fuel tank. A centrifugal pump 
may be for belt drive or on an extended base for motor drive. ‘The 
cost of a turbine pump varies according to its size, number of bowls 
and the length of the discharge column. In order to obtain guar- 
antees for satisfactory operation, it is desirable that the major 
units of a plant be purchased from the same dealer so as to avoid 
divided responsibility. 

No estimate of cost is complete unless the item of depreciation 
is taken into consideration. ‘There comes a time when all or part 
of the machinery will be worn out and replacement necessary. 
Theoretically, a certain sum should be set aside each year so that 
when the part is worn out, funds are available for its replacement. 
Usually the extent of use governs the rate of depreciation, and the 
plant that is used 4 months per year will have about twice the 
depreciation of one used but 2 months per year. Besides use, the 
life of machinery is shortened thru lack of proper care, and de- 
preciation also takes place by its becoming obsolete thru age. 


Interest on the investment and taxes are the same, whether 
the plant is used much or little. These are unseen expenses that 
influence farm profits and must be taken into consideration, espe- 
cially when the plant is intended to be used for an auxiliary water 
supply. 

The farmer using a pump as a sole source for irrigation water 
should be especially interested in obtaining a pump of high effi- 
ciency. His is a continual expense, and a difference of a small 
percentage in efficiency is reflected to a greater degree in his power 
bill. Often a motor of smaller size can be used with the more effi- 
clent pump, and besides effecting a saving in purchase cost, he also 
profits by a lower power rate. There is less reason for investing 
extra money in a highly efficient, permanent plant which is to be 
operated but a very short time each season, 

Cost estimates are given below of three alternative plants to 
provide water for the conditions as given in the problem on page 13. 
It is assumed that 140 acre-feet of water are to be pumped from a 
12-inch well, 65 feet deep in which the water level is 18 feet below 
the ground surface. For each the discharge will be 755 gallons per 
minute, the lift 80 feet, and the water horsepower 5.73. 
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PLANT NO. 1.—Equipment to consist of a high grade, hori- 
zontal centrifugal pump direct connected to an electric motor in a 
pit 15 feet deep. The motor efficiency is to be 89 percent and pump 
efficiency 60 percent. 


Cost of plant: 
Well 50 feet deep below bottom of pit, drilling at $2.50 per foot. .$ 125.00 


Heveiopin sand. Sxtra, Cost. DEcaUSerOL Pils sre smiles wietea anne reene 40.00 
Well casing 12-inch, 16-gauge, galvanized, 50 feet at $1.20 per foot 60.00 
monerete) pit; Oxex15 feet. G-inch walls. hic. cece ote ccm wits rere 165.00 
Five-inch pump, 10 horsepower motor, starter, switches, piping 

aie eLVedee LitSball cea tonpnctts cle methe aiek eh eho eae ee 625.00 
SUSIE TESS Wa ag seVe oR Wegner © hae Netto One Meee nna a Sree a aa are ea arnt cats 300.00 
DMAESr ANG WAriNe ogee ciceie micas sia es ein eia sal hale eaters hetisnseorenscoreite 150.00 

POLAUECOSD mre arte ta eveiayo gcevereiel vias ohh eve) a oxcslore vy eretsowerene thf! 1465.00 
Operating cost: 
LHhSrerhy Olga L446) ab, Os POR Celine «-nibrsattiare saa daisies taal oat oie 87.90 
CTO GEITPEL A Gy OVey RL clon OT Bes, eh ery! aie aera DAI h ANE, SAP en Oe Re oe nt spy ARIS 14.65 
Depreciation on machinery, $655 at 6 percent......5..50.¢-0-e+%- 39.30 
Depreciation on well and shelter, $510 at 4 percent............. 20.40 
‘Power consumed, 1000 hours at 8 kilowatts per hour—8000 kilo- 

WEULE) LILORLD Sin tear topeeen oirie cia ai lee eens Gi sel be tevsnoeryie renee Opies a 230.00 
EPR AIES aU DTG ALT SOU ase peers reis cys teehee teyesc ich ot ore-obere Pecnn aickerscarstone votes 7.00 
PE EOUA TICE fa Sete ret earelevel etic rere teveiiy osetia ausveire tre wanton Wanita a weber oeaeees 20.00 

Total ean Wal) COST. cree sropsidies area ie svelccen ormaierar Nereus or 419.25 
Coste per aerespern VeCary anecisnceos cimacloe oars Ac ein ae 5.24 
COSE DET CACTETOOUE oa ci aie eteusr ee eicrcth bie ences lo. aasietenare 2.99 


PLANT NO. 2.—Equipment to consist of same quality hori- 
zontal centrifugal pump as in the preceding plant, driven by an 
engine using distillate for fuel. Pump efficiency to be 60 percent. 
Cest of plant: 


Wel 50 tech dqeeprdrulins ab 2-00 per Loot, .a...arascsausas needs Le5.00 
Vevelopine and extra, COSt DECAISE! OL Dilties~ «sie. cule cir e< @ caterers ales 40.00 
Well casing 12-inch, 16-gauge, galvanized, 50 feet at $1.20 per foot 60.00 
Bonerere. Dit!) Gxoxd bp Leet vO-lNCl WALLS! ceye. ccc! siete sfaeiess svenschereieresereus 150.00 
PAVE-INCH  PURIp ew PLPes ATC OVALVCS cress ie sisvalciave on vaverous of apstevelenatays, lens 340.00 
Fifteen horsepower engine, accessories and belt...............25 625.00 
BiSILCT AUG eID BU ALLAL LOM ie oe tees cy cies as conene a rovesri esa) lo hole (vies oaeeone wre nellere 300.00 
Teta MGOS Leee peecMA Rat cet sastete ot eretaio ests, tityele tan eieceistare.t events 1640.00 
Operating cost: 

IiterestaOtle LGA rat BVOST CEN tiny cm elngiten dal eucan nectar wn Ged abe 98.40 
ARCS wel CDCR CON tire. ae cuenta non eth Apert aeesle al ale araeisly wlelany op acaiers 16.40 
Depreciation on machinery, $1115 at 9 percent..............00; 100.35 
Depreciation on well and shelter, $525 at 4 percent............. 21.00 

Distillate consumed, 14% gallons per hour for 1000 hours at 12 
GOULS eS en Sal LOT aes tetas Sioa Fees site? site veital sie atari, 8a nies weataty ails wie 160.00 
LOD AUT SpA Ou aT CA ULI SOM se shaipus (sie <itei eis)" iolielie Wi ol seth aie stn gieice. « ehesoilels 35.00 
PAU ONG LINC Cums tty Ya. bo tencra ered ere ar rusted sivcsudhy adehohaten tie tate note dd aval oust ey 6:sach oe 75.00 
Rca a cltuntt Olen COS Unmet in. ibe aaa cimetnemirenel eds suave ove wy eceane 506.15 
COstepPGly ALVES PEM) VOaA Ly racecars ietatas oces sieeve el Mis) ereciore' po niles 6.33 
COstanere a Crecl OOo syereretercltteste cus, wera veda vighccas aysr"enetistsipve 3.62 


‘Cost of power is based on the following rates: 
First 200 kilowatt hours per horsepower per season at 5 cents per Kwh. 
Next 100 kilowatt hours per horsepower per season at 3 cents per Kwh. 
Ae AACIAOUAL POWER bist are nace coda pin ciao classes Tee e.>, 90 2 cents per Kwh. 
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PLANT NO. 3.—Equipment to consist of a vertical turbine 
pump direct conected to an electric motor. The pump head is to be 
set on the well casing at the ground surface. The motor efficiency 
is to be 89 percent and the pump efficiency 60 percent. 


Cost of plant: 


ANIL, CIS Cleo, Glebe NE HINO) {OEP WOON. coaco voces acongeopo gous $ 162.00 
Developim ges Geiser cei ci cud elder nets ner nstete ee rer eee aeyemenetans 20.00 

Well casing, 12-inch, 16-gauge, galvanized, 65 feet at $1.20 per 
BOO Eve selec Renee Seca te ee E ee OE e e nenae eens 78.00 
Eump and motor anstalledmrermerite tier reir eekeriierriars 800.00 
MT ani St OLIVER B yn S.22 4s sian oe wars os reo ave vo tone) ote ourelisbe tomers aietclsiaerstontenene 300.00 
Ralave were, Ayala ater) Apiel Wali, o noo adagoacanaacaosdsonocusago doe 159.00 
MOUEML WORE Zondonocouurobosounsyoasescocbaonnudoges 1510.00 

Operating cost: 

Interest ona l5107ate Ge percenmten sewn ccriel eer ter een rennet anne 90.60 
TAXES 1" PONCE cars Arcus aerecer er scr eakconcaosehel ei setae Roane ue eer enetese eer ere 15.10 
Depreciation on machinery, $850 at 8 percent................... 68.00 
Depreciation on well and shelter, $360 at 4 percent............. 14.40 

‘Power consumed, 1000 hours at 8 kilowatts per hour—8000 kilo- 
WALEHVOUTS sacs ctisns ener ean ecko vaca aee ere races anata ore eae eee 230.00 
Repairsvand supricating coils eee eee ee Gee ee 20.00 
ACCC AICO? aia rays ein < evieee os Oa Hele sts Soe ren Tee Ieee 12.00 
Totalvannval sCostcm. poser men ere ee ee CRE 450.10 
Cost*persacremperiyears. sce eee ae 5.63 
Costiner-acre-foot, ences. oe eee eee 3.22 


geost of power a based on the following rates: 

inst 2 ilowatt hours per horsepower per season at 5 cents per Kowh 

Next 100 kilowatt hours per horsepower per season at cents ae Kwh. 
ANN EXOT MOT MY PXOHIE OMisg Coco buoan ooo nancoSocaanunne 2 cents per Kwh. 
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The Irrigation Investigations Section of 
the Colorado Experiment Station is now mak- 
ing an extensive survey of the 


IRRIGATION PUMPING 


problem in the state. Those interested in this 
work should request that their name be put on 
the mailing list for the publication covering 
this investigation. 


A recent bulletin, “The Improved Venturi 
> issued by the station will be of inter- 
est to those engaged in the measurement of 
water for irrigation. A copy may be had by 


Flume,’ 


addressing the 


Colorado Experiment Station 


Fort Collins 
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Directions for Sending Plants for Identification............ lk 


SOME COMMON DISEASES OF 
ORNAMIENTAI PLANTS 


By HE. L. LeCuere 


Ornamental plants are subject to a number of diseases, but 
because of their lesser economic significance they have not re- 
ceived the attention given to the diseases of vegetables and field 
crops. The experiments that have been made on the diseases 
of ornamental plants and what is known concerning them is 
scattered thruout various books and magazines and is not gen- 
erally available to the grower, especially the home gardener who 
may often be as much concerned about a disease of his flowers 
as the commercial grower. 


In order to better understand the diseases commonly found 
on ornamentals, it must be recognized that while a few are 
caused by bacteria, most of them are caused by fungi or molds. 
These are microscopic organisms, colorless and thread-like in 
structure. They cannot make their own food and must live as 
parasites on green plants such as our flowers and shrubs. Some 
of these fungi or molds live on the surface of leaves as do the 
powdery mildews and can readily be killed by spraying; others 
penetrate into the tissues of the leaf, stem or root of the plant 
causing rots, blights or wilts. When a plant wilts or dies and 
there is no visible evidence of the action of an organism on stem 
or leaves, examination will usually show that the root is rotted. 
Such diseases of roots are practically impossible to remedy; the 
plants should be destroyed and a different kind of plant grown 
in their place. Diseased plants or parts of plants should be 
burned to prevent spread. 


The fungi causing most of the diseases of ornamentals 
are spread by microscopic celis called spores, which correspond 
to the seeds of higher plants. These spores are spread from plant 
to plant by wind or rain or splashing water from the hose and 
start new infections. 


While some generalities as the above can be made regarding 
plant diseases, specific treatment of each disease is preferable. 


It is the purpose of this bulletin to bring together information 
regarding some of the more common diseases of ornamental 
plants found in Colorado. The plants attacked are arranged al- 
phabetically and the diseases listed and discussed under these 
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headings. An attempt is made to make available brief descrip- 
tions of the diseases together with such methods as are known 
to aid in their control. 


ASTER, Callistephus chinensis 


YELLOWS.—The cause of aster yellows is unknown. No or- 
ganism has been found in any part of the plant to account for 
the disease. The affected parts of diseased plants do not die or 
wilt in the early stages of the disease, but exhibit only a “spind- 
ling” yellow growth. (Fig. 1.) “Yellows” begins to appear after 


Fig. 1. “Yellows” disease of aster. A, diseased plant showing wilted condition 
of leaves and flowers which accompany the yellowing. B, healthy 
plant. 

the plants have become well established in the permanent bed. 

A light, greenish-yellow color instead of the normal dark green 

appears at the growing tip of diseased plants. Leaves previously 

formed do not change their color, but from the point where the 
trouble begins the succeeding stem and leaves are affected. At 
the same time, similar yellow shoots begin to appear from the 
axils of the leaves on the main stem. Nothing has been found 
in any part of the plant to account for the disease and no remedy 
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can be recommended for its control. It is known that certain 
weeds are susceptible to yellows and that the disease can be 
transmitted from weeds to asters by some insects. All weeds, 
therefore, should be kept cut in the vicinity of aster plantings. 


WILT oR STEM ROT.—Wilt or stem rot is caused by a fungus 
(Fusarium conglutinans callistephi) and is the most common and 
destructive disease of asters. It first appears soon after the 
plants are set out in the bed and is generally prevalent from 
that time on thruout the season. This disease is most noticeable 
at two periods of the plant’s growth, namely, at the time of set- 
ting of the plants and the time of blossoming. To the casual 
observer the presence of this disease is first indicated by the 
death of the affected plants. A close examination of dead plants 
will show that the stem of the plant just at the surface of the 
ground is badly rotted and only the hard inner portion remains. 
This is the final stage of the disease; however, it may be recog- 
nized much earlier. 

In the earlier stages of the disease the roots and stem appear 
perfectly sound and healthy and no indication of injury can be 
seen except in the wilted, dying lower leaves. Frequently on one 
side of the plant, one finds a dark discoloration in the outer edge 
of the harder, woody portion of the stem, where it joins the soft 
“bark” or cortex which covers it. The affected side of the plant 
is dull green, wilted or blighted in appearance. A reddish-brown 
streak is often noticeable up the stem of affected plants. 

This disease can be avoided by starting with healthy plants, 
grown out-of-doors or in cold frames, rather than in greenhouses 
where the conditions are more favorable to the disease. Seed 
should be planted in good soil out-of-doors as early as the ground 
can be thoroly worked and in a place where asters have never 
been grown before. The young plants should be transplanted 
to the permanent bed as soon as they are large enough and when 
conditions are favorable. They should be planted in a cool soil, 
since the fungus causing this disease grows best in hot, dry soils. 


CARNATION, Dianthus caryophyllus 


STEM RotT.—Stem rot is caused by a fungus (Fusarium sp.) 
and may attack seedlings, cuttings or mature plants. The disease 
is characterized on seedlings by lesions which appear as small 
brown spots on the stem at the surface of the soil. These spots 
increase in size and eventually almost girdle the stem, thus re- 
sulting in the collapse of the plant. 
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Cuttings may be attacked several days after they have been 
placed in the sand. Similarly the cutting is attacked on the stem 
just above, or frequently just below, the surface of the sand. The 
leaves of affected cuttings wilt and the plants fall over. A soft, 
wet, progressive rot then usually develops at the collar and ex- 
tends to the surface of the sand. 


The symptoms of the disease on a mature plant show the 
gradual loss of green color and the foliage becomes pale. Wilting 
results in time, depending upon the condition of the weather. 
An examination of the stem at the surface of the soil reveals at 
this time a slimy, wet condition under the bark, which gives this 
disease its characteristic name “rot.”’ A slight twist is sufficient 
to slough off the bark and expose the harder tissues underneath. 
Plants at this stage of the disease are injured beyond recovery. 


Steam sterilization is the only effective measure that will 
eradicate this fungus from the soil. Dry steam forced thru soil 
at 40 pounds pressure for an hour will destroy the fungus. (See 
Colo. Sta. Bul. 321.) 

Rust.—Rust is a 
common disease and 
is especially serious 
on greenhouse carna- 
tions. This disease is 
caused by a rust fun- 
gus (Uryomyces ca- 
ryophyllinus) and 
appears as elevated 
ridges about one- 
eighth to one-fourth 
of an inch long on 
the surface of the 
leaves (Fig. 2). 
These blisters event- 
ually break and a 
reddish-brown, pow- 
dery mass of spores 
escapes, which spread 
the disease from one 
plant to another. 

Watering aerial 
parts of the plants 
Fig. 2. Leaves of carnation plant showing ee une HHS 

cules of Gch | ee from leaf to leaf, and 


=. | 
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therefore, surface watering should be practiced. Cuttings should 
only be made from healthy plants. The Enchantress, Mrs. C. W. 
Ward, White Perfection, Beacon, Matchless, White Wonder, 
Pink Delight and Benorah are said to be more resistant than 
others. 


CHRYSANTHEMUM, Chrysanthemum sp. 


LEAF Spot.—tThis is a common disease of greenhouse chry- 
santhemums and is caused by a fungus. Leaf spot does not re- 
sult in serious losses to growers. The disease is characterized by 
circular spots on the leaves. (Fig. 3). These spots first have a 


Fig. 3. Leaf spot of chrysanthemum. The affected tissue has dropped out in 
the areas indicated by arrows. 

water-soaked appearance, later becoming brown. The lower 

leaves of the plants are usually attacked first and the disease 

spreads upward from leaf to leaf. In severe cases where spots 

become numerous, the leaves may turn yellow and drop. 


The application of a 4-4-50 Bordeaux mixture (see Fungi- 
cides) will check the spread of the disease if it becomes serious. 
If only a few of the leaves show spots, they should be picked off 
and burned. This will tend to check a spread of the disease. 
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The organism causing leaf spot is spread from plant to plant 
by sprinkling the foliage. Therefore, surface irrigation should 


be practiced. 


Rust.—This disease is caused by a rust fungus (Puccinia 
chrysanthemi) similar to that causing rust on grains. Like other 
rusts it forms small blisters which appear on the under surface 
of the leaf and to some extent on the upper surface. When these 
blisters mature they break open and expose a dark brown pow- 
der, which is a mass of spores. These spores are scattered by 
the wind and water while sprinkling the foliage. They are re- 
sponsible for the spread of the disease from plant to plant. In 
the case of a heavy rust attack, most of the foliage may become 
affected and the leaves become shriveled and fall from the plant. 


If only a few plants are affected, the removal and burning 
of the diseased leaves as they appear, will tend to stop the spread 
of this disease. No fungicide will stop this disease without hand 
picking, but if rightly used, spraying will prove a material as- 
sistance. Potassium sulfide (1 ounce to 2 gallons of water) ap- 
plied at weekly intervals is beneficial. 


YELLOWS.—The cause of “yellows” is unknown and shows a 
great similarity to aster yellows. Due to the obscure nature of 
the disease it can only be recognized with certainty at flowering 
time. Diseased plants always produce flowers that are sickly 
green in color. This green color may not show in the entire 
flower, but half may be green and the other half of the blossom 
the normal color of the variety. 


Plants grown out-of-doors which show any symptoms of “‘yel- 
lows” should be destroyed, since cuttings from these plants will 
be affected with this disease. “Yellows” is transmitted by in- 
sects in greenhouses. By controlling the insects the disease can 
be kept in check. 


CLEMATIS, Clematis sp. 


LEAF SPOT may be caused by one of several fungi. This dis- 
ease is common on clematis. It does not cause serious damage, 
but only results in the loss of a few lower leaves from the badly 
infected plants. Leaf spot is limited to the foliage where dis- 
colored lesions are produced, similar to the leaf spots found on 
other ornamental plants. 


Spraying with Bordeaux mixture will control leaf spot. Since 
this fungicide discolors the foliage, picking affected leaves is 
recommended where the disease is not serious. 
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COLUMBINE, Aquilegia sp. 

POWDERY MILDEW is a very common disease on columbines 
wherever they are grown. It is caused by a fungus (Hrysiphe 
polygoni) and as a rule causes very little damage. This disease, 
like other powdery mildews, forms grayish-white, powdery 
growths on the leaves. Often the disease becomes so abundant 
that entire leaves become covered. The fungus is generally most 
prevalent on the upper surface of the foliage. Due to the winds 
and the spattering of water, the disease spreads rapidly from 
leaf to leaf and in severe attacks the lower leaves fall pre- 
maturely. 


Powdery mildew of columbine can be controlled by spraying 
with potassium sulfide or dusting with flowers of sulfur. The 
sulfur should be applied when the leaves are covered with dew. 


GERANIUM, Pelargonium sp. 


BLOSSOM BLIGHT AND LEAF SPpoT.—This is the most common 
disease of geraniums and may cause serious losses in greenhouse 
stock. It is caused by a fungus (Botrytis cinerea). The disease 
causes the blossoms to dry up, a week or 10 days sooner than 
normal. In the early stages of the disease the petals begin to 
turn black on the edges; then they wilt and begin to drop. The 
infected petals very often cause infection on the foliage as they 
fall from the blossoms. Spots of varying sizes are formed on 
the leaves. These spots are brown and cause the plant to be- 
come weakened. If conditions are favorable, these spots increase 
in size and often infect the entire leaf. The disease is most prev- 
alent on weakened plants and spreads quite rapidly in green- 
houses, once infection takes place. Double varieties are most 
susceptible to the disease. 


Sanitation and proper ventilation should be practiced. Dis- 
eased plants should be discarded as soon as observed. 


GLADIOLUS, Gladiolus sp. 


HARD Rot is caused by a fungus (Septoria gladioli). The dis- 
ease becomes most apparent about the last of July or early in 
August. On the leaves it appears as minute brown or purplish- 
brown, more or less circular spots. These diseased spots later 
turn to a reddish-brown or almost black color. 


The disease appears on the corms as small water-soaked 
spots. These spots are reddish brown to brownish black in color. 
They usually are limited to the sides and the lower half of the 
corm. These lesions can be more readily seen if the husks are 
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removed. In the early stages of the disease the lesions are lim- 
ited to the surface and even in the very late stages do not enter 
more than one-quarter of an inch into the corm. 


Hard rot overwinters on the dead tops of the plants, so all 
debris in infected fields should be raked up in the fall and 
burned. Care should be taken to use only disease-free corms. 
Crop rotation should be practiced. No successful treatment of 
the corms with chemicals has as yet been found. 


PENICILLIUM RoT.—This is typically a storage disease and 
is caused by a fungus (Penicillium gladioli). This rot is present 
in many of the gladiolus storage cellars of Colorado. Diseased 
corms are somewhat softened and show reddish-brown, sunken 
spots. These spots are often roughened by wrinkles which are 
in concentric rings. Infection takes place most readily thru 


Fig. 4. Bacterial scab of gladioli on the corms. 
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wounds on the corm. Rot progresses most rapidly at tempera- 
tures between 53° and 73° F., and the corm is gradually de- 
stroyed. The fungus often grows on the exterior of the corm 
and forms a bluish covering over the surface. 


No fungicides have been found that will control this disease. 
The most satisfactory method of control is to discard all diseased 
corms at time of storage. This will tend to check the spread in 
storage. Care should be exercised in digging and handling not 
to bruise the corms, since the fungus enters thru such wounds. 


ScAB.—This disease is caused by a bacterium (Bacterium 
marginatum) and is widely spread where gladioli are grown. 
Scab may appear on any part of the leaf. The disease is first 
recognized by small raised, reddish-brown spots which come 
together forming large diseased areas. The stem tissue is soon 
destroyed and the leaves begin to turn yellow and gradually die. 
Infection is limited to the lower 6 to 8 inches of the leaves, the 
upper parts having but few spots. 


The corms are often affected and show lesions on both the 
husk and the exterior. The lesions first appear as yellow to light- 
brown areas which later become almost black (Fig.4). The spots 
or lesions are mostly round, but may appear as oval or elongated 
streaks. These lesions become sunken, but do not extend very 
far into the corm. 


Experiments on control have been too meager to indicate the 
most advisable methods for prevention of scab. Work from 
other states seems to indicate that some of the commercial or- 
ganic mercury disinfectants are giving good control. Crop rota- 
tion, however, should be practiced, since the organism is thought 
to live over winter in the soil. Only disease-free corms should 
be planted. 


HOLLYHOCK, Althae rosea 


Rust.—Rust is the most common disease of hollyhocks and 
is caused by a fungus (Puccinia malvacearum). This disease is 
characterized by brownish, erumpent spots on the leaves. These 
spots are either circular or elongated as shown in Fig. 5. The 
pustules break open at maturity and a brownish mass of spores 
escapes. Wind and water spread these spores from plant to plant 
causing new infection. Only in severe cases do the plants wither 
and die. 
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Fig. 5. Diseased hollyhock leaves showing the brown, erumpent pustules of 
rust and the final dried condition of the leaves. 


In the spring care should be practiced to pick off and burn 
all diseased leaves as soon as they appear. It is best to destroy 
old plants that are severely attacked by rust and.start with new 
stock. All the diseased plants should be burned in the fall. Rust 
can be checked by spraying with Bordeaux mixture, but since 
this spray discolors the foliage it is not frequently used. The 
effective use of sulfur in controlling rusts on other plants sug- 
gests its use on hollyhocks. 


HYACINTHUS, Hyacinthus orientalis 


Root Rot is caused by a fungus (Fusarium sp.). See root rot 
of Narcissus, page 16. 


IRIs, Iris sp. 

LEAF Spot.—Leaf spot is caused by a fungus (Didymellina 
iridis) and is confined only to the leaves. The first sign of the 
disease is small brown spots surrounded by a water-soaked mar- 
gin. The spots turn yellow later in the season. They are more 


abundant on the tips and spread downward. The terminal por- 
tions of the leaves often become brown and die (Fig. 6). 
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Fig. 6. Leaf spot of iris. 
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The spots may appear on either surface of the leaves. The 
diseased areas vary in size from one-quarter to one-half inch in 
diameter. Sometimes these spots become so numerous that the 
entire leaf is killed early in the summer. 


No fungicide has been found that will control leaf spot. The 
removal of dead infected leaves in the fall is recommended to 
stop early spring infection. 

Sort Rot.—This disease is caused by a bacterium (Bacillus 
carotovorus). The first outward appearance of the disease is a 
complete yellowing of the leaves and finally the death of the 
plant. Examination at the base of the plant will show it to be 
jelly-like and soft. The small rootlets become decayed and often 
the bulb disintegrates, due to the action of the bacteria. 


No treatment is known that will prevent soft rot. Excessive 
moisture favors the disease. The organism producing soft rot is 
known to live on several vegetable crops such as carrots, celery, 
turnips, etc. Bulbs should not be planted on soil known to be 
infected with this organism. 


LARKSPUR, Delphinium sp. 


POWDERY MILDEW.—This is the most common disease on cul- 
tivated larkspurs and is caused by a fungus (Hrysiphe polygoni). 
The leaves become covered with a white, powdery network of 
fungus filaments. The disease is seldom serious, but may cause 
the plants to become a paler green. In severe cases the foliage 
turns yellow and gradually dies. 


Mildew can be controlled by the use of potassium sulfide or 
dusting with flowers of sulfur. 


NARCISSUS, Narcissus sp. 


Root Rot is very common on narcissus in this state and is 
caused by a soil-borne fungus (Fusarium sp.). The disease 
causes a marked dwarfing of the plants and usually the blossoms 
do not develop properly. Diseased plants have only a small num- 
ber of live roots, the remainder being rotted. The basal plate of 


the bulb is generally decayed. In severe attacks the entire bulb 
may become decayed. 


Bulbs should be sterilized with bichloride of mercury 
(1:1,000) for one hour before planting. Crop rotation should 
be practiced, since the fungus lives over in the soil. 
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PEONY, Paeonia sp. 


PEONY BLIGHT is caused by a fungus (Botrytis paeoniae). 
It is quite prevalent and often causes much damage. Plants are 
affected early in the spring and nearly all parts are attacked. 
On the stems and leaves it is characterized by large irregular 
spots, which cause a gradual dying of the leaves. Stems are 
often rotted near the ground and become girdled. Sometimes the 
young buds become blasted before they reach maturity, which 
causes them to blacken and die. 


Blight is very difficult to control. All old diseased plants 
should be removed and burned in the fall. No dusts or sprays 
have been found effective in controlling this disease. 


LEAF Spot.—This is a common disease of peonia, and is 
caused by a fungus. It seldom causes very serious losses. The 
disease appears as chestnut-brown spots and may cover the 
larger part of the leaves (Fig. 7). On these spots the spores are 
borne which spread the disease from plant to plant. 


Fig. 7. Leaf spot of peonies. 


Leaf spot can be controlled by spraying with Bordeaux mix- 
ture. Since this spray discolors the leaves, it is preferable to 
pick affected leaves instead of spraying when the attack is not 
serious and only a few plants are affected. 
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PHLOX, Phlox sp. 


PowpERY MILDEW.—This is a common and often destructive 
disease of cultivated phlox. It is caused by a fungus (E’rysiphe 
cichoracearum). The leaves and stems become thickly covered 
with a dirty white powdery growth. The disease starts on the 
lower leaves and gradually spreads to the upper parts of the 
plants. In severe attacks the lower leaves fall prematurely and 
the flowers become dwarfed. 

Powdery mildew of phlox can be controlled by spraying with 
potassium sulfide or dusting with flowers of sulfur. 


ROSE, Rosa sp. 


BLACK SPOT is caused by a fungus (Diplocarpon rosae). The 
disease appears at any time during the growing season. Usually 
it does not become destructive until summer, and frequently 
continues damage during the autumn months. Plants which are 
attacked drop their leaves early in the season. The leaf buds 
which normally remain dormant until the next year, open late 
in the season. This premature defoliation causes the plants to 
become weakened. As 
a result of this weak- 
ened condition the 
plants blossom poorly 
or even not at all in 
the following year. 


Spots are pro- 
duced on the upper 
surfaces of the leaves 
which often attain a 
diameter of half an 
inch or more (Fig. 
8). These spots are 
more or less circular 
in outline with very 
irregularly fringed 
borders. They are 
black in color and 
frequently coalesce, 
covering the whole 
Fig. 8. Black spot of rose, showing the smoky leaves. 


black patches of the fungus on the 
leaves. 
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Fig. 9. Powdery mildew of rose. A, healthy plant; B, diseased plant, 
showing the shriveled condition of the mildewed leaves and the 
white patches of mildew on the stem and thorns as indicated 
by the arrows. 

If only a few plants are grown the disease may be checked 
by gathering and burning all affected leaves. This should be 
done either late in the fall or early in the spring before the buds 


open. Spraying is beneficial in controlling black spot. Ammo- 
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niacal copper carbonate used once each week is recommended. 
Lime sulfur or Bordeaux mixtures may be used, but these fun- 
gicides leave a coating on the foliage which is sometimes 
objectionable. 

PowpERY MILDEW.—Powdery mildew is caused by a fungus 
(Sphaerotheca pannosa) and is one of the most common and 
injurious diseases of roses. It is first noticeable as dusty, whitish 
spots on the young leaves or shoots where the mold grows over 
the surface, sending down numerous minute, thread-like 
branches into the leaf cells (Fig. 9). These draw nourishment 
from the leaves and eventually kill them. These spots enlarge 
and have a white, powdery appearance. The disease is often 
present on the stems and thorns, where it appears as a felt-like 
coating. The mold on the surface of the leaf is covered with 
enormous numbers of white spores that are readily blown or 
spattered to other parts of the plant and thus spread infection. 
As the disease advances, the white mildew appearance is lost and 
the injured portions become dark in color. The leaves, later in 
the fall, become covered with small, black, bead-like bodies filled 
with a second kind of spores, the winter spores. The disease 
lives over the winter in this stage. 


Dusting with flowers of sulfur every 10 days is effective 
either in the greenhouse or out-of-doors. Spraying with am- 
moniacal copper carbonate will also control the mildew, but is 
not as easily used as sulfur dust. Sulfur dust placed on the steam 
pipes of the greenhouse is an effective method of using sulfur. 
Potassium sulfide used as a spray will also control powdery 
mildew. 

CROWN GALL.—This is a common disease on greenhouse 
roses. It is caused by a bacterium (Bacterium tumefaciens) and 
attacks other plants, including apple, pear and peach. Crown 
gall may be spread by pruning shears or at time of cutting and 
making of grafts. 

The disease is characterized by galls which are formed any 
place on the stem (Fig. 10) and sometimes on the roots. Crown 
gall progresses very slowly, beginning as small swellings and 
increasing in size until eventually the plant becomes stunted and 
finally dies. The organism causing this disease gains entrance 
into the plant thru wounds and lives from year to year in the 


diseased tissue. The crown-gall organism is known to live over 
winter in the soil, 
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Fig. 10. Crown gall of rose. 


Care should be practiced to use only disease-free stock, es- 
pecially if the plants are grafted. The point of the union and 
scion is a very common place of infection in grafted stock. All 
grafts, therefore, should be wrapped and dipped in Bordeaux 
paste, which will prevent the entrance of the organism, until 
the union of scion and stock has calloused. 


Infected plants cannot be cured, but should be removed and 
burned. Since the organism lives over in the soil for several 
years, roses should not be planted on infected soil. Soil infected 
with the crown-gall organism can be steam sterilized in green- 
houses (See Colo. Sta. Bul. 321). 


Pruning shears and grafting knives should be sterilized after 
being used on affected plants and before using on healthy ma- 
terial. Sterilization can be effected by dipping them in a solu- 
tion of formaldehyde (1 ounce to 2 gallons of water). 
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Bup BLicHt.—This disease is caused by a fungus (Botrytis 
cinerea) and is one of the less common diseases of roses. It is 
limited in its attack to the undeveloped buds and is characterized 
by the dropping of the buds and their failure to open. The fungus 
forms a cobwebby mass in the interior of affected flower buds. 
A smooth, sunken, dark-colored area is often produced on the 
stem below the bud and at which point the head falls over. 

Sprays are not beneficial in controlling bud blight. All dis- 
eased flowers should be picked and burned as soon as noticed 
so as to check the spread of the disease. 


Rose Rust is caused by a fungus (Puccinia speciosum). The 
disease is readily recognized in the spring by the bright yellow 
spots formed on the leaves and stems. This fungus passes thru 
various stages of growth that are similar to black stem rust 
of wheat. The yellow spots soon develop into red blisters or 
streaks in the late 
summer or early au- 
tumn. These red blis- 
ters contain many 
reddish-brown spores 
in a powdery mass 
CEs, #1 eh) Foley 
eventually break and 
the spores spread the 
disease from plant to 
plant. In the fall 
these blisters become 
black and contain the 
resting spores of the 
fungus, in which 
stage it passes the 
winter. 

No fungicide has 
been found that will 
control this disease. 
Since the fungus 
overwinters on old 
leaves and stems, all 
diseased plants 


Scher ees should be cut and 
g. . Rose rus tul indi . 
ES ceeknaee pustule on stem as indicated burned in the fall. 


Sy 
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SNAPDRAGON, Antirrhinum majus 
Rust.—Snapdragon rust is caused by a fungus (Puccinia 
antirrhini). It becomes extremely serious in greenhouses and 
also is an important disease in the field and garden. The dis- 
ease is characterized by brownish blisters on the leaves and stem 
(Fig. 12). These blisters break and the brownish spores es- 
cape and are then spread by wind and the spattering of rains. 
Rust causes the most damage to the lower leaves because of the 
presence of excessive moisture and under favorable conditions 
it spreads rapidly. It finally causes the death of the plant. 
The use of healthy 
cuttings is advisable. 
Watering should be 
done from below, so as 
to keep the foliage dry. 
This will help materi- 
ally to check the 
spread of the rust fun- 
gus. If the disease is 
not serious, the affect- 
ed leaves should be 
picked off. Spraying 
with potassium sulfide 
will control the disease 
in the field. 
Snapdragon rust 
can be controlled in 
greenhouses by dust- 
ing with sulfur. After 
dusting, the tempera- 
ture of the house 
should be kept at 70° 
F. for three days and 
Fig. 12. Snapdragon rust. with a night tempera- 
ture of about 60° F. 
Finely powdered sulfur (sulfur that will pass thru a 200-mesh 
sieve) should be applied to the plants with a bellows. If the 
disease is serious and new foliage becomes affected, sulfur should 
be applied again. Under conditions of light attacks of this 
rust, dusting every two weeks will control it effectively. 


SNOWBERRY, Symphoricarpos sp. 


Anthracnose.—This disease is very common and is caused by 
a fungus (sphaceloma symphoricarpi). The disease has only re- 


. 
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cently received the attention of investigators. Anthracnose 1s 
manifest on both the leaves and the berries. 

Small, round, dark purple to black spots are produced on the 
leaves. The centers of these spots soon become lighter in color, 
changing to a dark gray. The spots slowly increase in size and 
eventually come together, forming large diseased areas. Very 
small lesions are often produced on the flower buds. 


Fig. 138. Anthracnose of snowberry on the fruit. 


Anthracnose appears on the berries as small, round, pinkish 
lesions (Fig. 13). These lesions or spots are slightly sunken and 
vary considerably in size. The diseased areas are very often 
attacked by another fungus (Altenaria sp.) which causes soft, 
watery lesions on the fruit. These water-soaked areas increase 
rapidly until the entire fruit has been affected. The diseased 
berries soon dry up and form hard, brown mummies. 


No conclusive work is available on the control of anthracnose. 
The disease undoubtedly overwinters on dead leaves and in the 


mummies, so that all rubbish about the plants should be raked 
and burned in the fall. 
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SUNFLOWER, Helianthus annuus. 


Rust.—This is a very common disease of sunflowers and is 
caused by a fungus (Puccinia helianthi-mollis). Rust is manifest 
on the leaves as small, yellowish or brownish pustules or blisters 
which later become black. These blisters contain the spores that 
spread the disease from plant to plant. The pustules frequently 
become so abundant-on the foliage as to render the under sur- 
face quite brown. No fungicides have been found to control this 
rust, altho experience with sulfur on other rusts suggests its use 
on sunflower rust. Raking and burning all diseased plants in 
the fall is the most advisable recommendation. 


POWDERY MILDEW is caused by a fungus (Hrysiphe cichora- 
cearum) and is very common on cultivated sunflowers in Colo- 
rado. It is conspicuous on the upper surface of the leaves as 
white patches. Often the disease spreads so as to cover the 
greater part of the leaf. Later in the summer the leaves become 
covered with small black bodies, in which stage the disease 
overwinters. 

Powdery mildew can be controlled by spraying with potas- 
sium sulfide or dusting with flowers of sulphur. 


SWEET PEAS, Lathyrus odoratus 


MILDEW.—Like other mildews, this disease is caused by a 
fungus (Hrysiphe-polygoni). Mildew is a very common disease 
of sweet peas grown out-of-doors and in greenhouses. It starts 
as a white, powdery growth on the lower leaves. The leaves turn 
yellow and gradually die. 

Mildew can be controlled out-of-doors by the use of potas- 
sium sulfide and in the greenhouse by dusting with flowers of 
sulfur. 


TULIP, Tulipa sp. 


BLIGHT.—Tulip blight (Botrytis Tulipx) is a fungus disease . 
which manifests itself on the flowers, bulbs, leaves and stalks. 
The first outward appearance of the disease on the blossoms is 
as small, white to light-brown spots on the petals. These spots 
enlarge until the petals become dry and wrinkled. This gives a 
blighted appearance to the entire flower. The flower is some- 
times prevented from opening by infection taking place in the 
bud. 

The disease appears on affected bulbs as small, hard, black 
bodies (sclerotia) which are about one-sixteenth of an inch in 
diameter. Lesions are produced on the bulb under these bodies. 
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The lesions or spots are brown and usually round and are gen- 
erally less abundant on either end of the bulb. 

Small, elongate, yellow spots are produced on the foliage, 
which later become white with a brown tinge. These spots are 
surrounded by tissue that has a watery appearance. They en- 
large and coalesce and often infect the entire leaf. 

On the stalks the lesions are small, brown and surrounded 
by a water-soaked area. These lesions may be produced any- 
where on the stalk, where they penetrate into the stem and cause 
it to weaken. The plants fall over if the fungus enters at the 
base or the flower may topple over if penetration is higher up 
on the stalk. 

No fungicide for spraying foliage or solution for sterilization 
of bulbs has been found. It is recommended that only clean 
bulbs be planted. Care in handling bulbs and proper storage 
conditions will materially check the disease. All diseased plants 
should be raked and burned in the fall. 


VIOLET, Viola odorata 


LEAF Spot attacks the violet plants at any stage of growth 
thruout the growing season. It is caused by a fungus. Rapidly 
growing plants are most susceptible to leaf spot. It appears on 


Fig. 14. Leaf spot of violet. 
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the leaves as small, round, yellowish spots (Fig. 14). The spots 
are usually surrounded by a narrow ring of discolored tissue. 
This surrounding tissue is usually dark at first, but soon changes 
to a lighter color with age. The spots coalesce until often the 
entire leaf is destroyed. 

Sprays of any kind are of little or no value in controlling 
this disease. Care should be taken to use only healthy plants 
for propagation. Greenhouses and frames should be kept clean 
and well airated. All diseased leaves should be picked and 
destroyed. 

VIRGINIA CREEPER, Ampelopsis quinquefolia 

LEAF SpoTt.—The disease is caused by a fungus (Phyllosticta 
viticola). Leaf spot is very common on Virginia creeper and is 
most abundant on foliage above 6 or 8 feet from the ground. 
Circular, dead, brown spots are produced on the leaves. These 
spots are about one-quarter to one-half inch in diameter. In 
severe cases the leaves turn yellow, wilt and eventually fall. It 
can be controlled by the same method as for leaf spot on peony. 


ZINNIA, Zinnia elegans 

LEAF SPoT.—Zinnia plants are generally quite free from dis- 
ease in Colorado, but occasionally they are affected with a leaf 
spot. This disease is caused by a fungus (Cercospora atricincta). 
It is characterized by the presence of small irregular, angular 
spots on the foliage. These spots are grayish and have a definite 
brown border. 

The control for this disease is the same as for leaf spot of 
violet. 

DAMPING-OFF 

A number of ornamental plants are subject to damping-off. 
The disease affects the plants in the seedling stage, causing them 
to rot off at the surface of the ground. The stems appear water- 
soaked and soft and the plant collapses and falls over on the 
ground. 

The disease is caused by several soil fungi. These fungi live 
indefinitely in the soil and grow best in wet, warm soil. Damp- 
ing-off usually occurs in seedbeds where the plants are crowded 
and the soil is too wet. Slow-drying soil and poor ventilation of 
the greenhouse or cold frames are conducive to the disease. 

In controlling damping-off the first preventive measure is 
to get rid of surface moisture on the soil. Ventilation and spac- 
ing of plants or a thin layer of sand on the soil will tend to keep 
the surface of the soil dry and produce conditions unfavorable 
for the growth of the fungus. 
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Soil sterilization is effective in combating the disease; for- 
maldehyde or heat may be used for this purpose. 

The formaldehyde treatment consists of sprinkling the loos- 
ened soil with a solution of formaldehyde, 1 gallon to 50 gallons 
of water. Sprinkle 1 gallon of this solution to a square foot of 
the soil and then cover plot for 12 hours. Planting should not 
be made in the soil for 10 days after treating. 

In a similar way copper sulphate or blue vitriol may be 
applied. One pound of the sulphate is dissolved in 25 gallons 
of water and applied at the rate of 1 pint to a square foot of 
ground. An equal amount of water should then be sprinkled on 
the soil to wash the copper into the ground. 

Soil sterilization by heat is the most successful method of 
destroying the damping-off fungus. This can best be accom- 
plished by turning live steam into an inverted iron pan over the 
seedbed. The soil is exposed to the steam for one-half to one and 
one-half hours. In testing the efficiency of the treatment, a 
potato may be buried in the soil 4 or 5 inches deep; the time 
necessary to cook the potato is enough to kill the damping-off 
fungi. 

Steam pipes furnish a very satisfactory method of soil ster- 
ilization. The pipes are connected to a header or lead pipe direct 
from a boiler. Holes of about ;,-inch diameter are bored in the 
pipes 6 inches apart and the steam escaping from these thoroly 
heats and sterilizes the soil. Smaller holes than ;inch tend 
to plug up and prevent the escape of steam. A low-pressure 
boiler of large capacity is most suitable for this work. Steam- 


ing should continue for two hours. (See Experiment Station 
Buls321;) 


FUNGICIDES 


1. BLUE VITRIOL-COPPER SULPHATE.—Copper has a very 
specific action on fungi and may be used in the form of copper 
sulphate for sterilizing cold frames, washing greenhouse walls, 
benches, etc. 

Copper sulphate, 2 to 3 pounds. 

Water, 50 gallons. 

Dissolve the copper in a little hot water and then dilute to 
50 gallons. 

. 2. BORDEAUX MIXTURE.—a. Home-made. This consists of blue 
vitriol, lump lime and water in the following proportions: Blue 
vitriol (copper sulphate), 4 pounds; unslaked hot lime, 4 pounds; 
water, 50 gallons. This is known as a 4-4-50 mixture. The best 
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vay to prepare home-made bordeaux is to dissolve the blue vit- 
‘iol in 25 gallons of water. The chemical dissolves quickest if 
suspended in a sack at the top of the barrel or tank holding the 
water. Slack the 4 pounds of lime in just enough water to slack 
t well and mix with 25 gallons of water. Pour simultaneously 
the 25 gallons of blue vitriol solution and the 25 gallons of lime 
solution into a third barrel or tank. This insures thoro mixing 
ind gives an excellent suspension of the small lime particles. 


For convenience, the following method can be used in making 
nome-made Bordeaux. This method results in about as good a 
mixture as the one just described. The blue vitriol is dissolved 
in 40 gallons of water the same as described in the above method. 
The lump lime is slacked in a small quantity of water and poured 
into the blue vitriol solution. Then enough water is added to 
pring the liquid up to 50 gallons. 


b. Dry Bordeaux.—This is a commercial preparation of 
lime and blue vitriol. It is dissolved in water direct from the 
package. Directions for mixing are found on the container. Dry 
pordeaux is very useful for gardens where but a small amount 
of spray is needed. 


3. AMMONIACAL COPPER CARBONATE.—Bordeaux mixture 
Jiscolors the leaves; therefore ammoniacal copper carbonate is 
recommended in its place, since it will not remain on the foliage. 
This fungicide is very strong and should always be tested on a 
few plants. 


Ammoniacal copper carbonate is prepared as follows: 


PEGE VA CAT DCNALE sates orn ake Ses, das dire oer toe 6 ounces 
Ammonia (26 --bauimé) .G.0nh eee heatet 3 pints 
AN UY teat tore anc oe tc ace ok ae isis sets ave 50 gallons 


The ammonia is diluted with about 2 gallons of water and 
the copper carbonate is made into a paste with a small quantity 
of water. These two are mixed and enough water added to make 
50 gallons. This fungicide loses its strength rapidly and should 
be used immediately. 


4, POTASSIUM SULPHIDE.—This chemical is effective in con- 
trolling the powdery mildews, altho it is not as effective as cop- 
per sprays for other fungi. It is prepared in the following pro- 
portions: 


POLASS MTOR UIDIIGE Aiea dw scene weak 3 ounces 
VER eI ie Gre or tas ae ae ae 10 gallons 


The spray should be prepared fresh each time it is to be 
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used. In the greenhouse a weaker mixture should be used, as the 
above strength tends to burn the young leaves. 

5. SULFUR. (a) Flowers of Sulfur.—This is the ordinary 
yellow sulfur obtainable at any drug store. It is a very effective 
fungicide, being particularly useful for the powdery mildews. It 
should be dusted on in the early morning when dew is present. 

(b) Atomic Sulfur.—This is a commercial preparation, more 
finely powdered than the flowers of sulfur, and is also more ef- 
fective. It may be mixed with water and used as a spray, as well 
as in the dust form. This dust is so fine that it tends to lump 
and clog without a filler. When lime is mixed with sulfur as a 
filler the proportion varies from 50 to 90 percent sulfur, depend- 
ing on the severity of the disease. 

(c) Sulfur Plus Five Percent Potassium Permanganate.— 
Recent work on sulfur as a dust has shown that the addition of 
5 percent potassium permanganate will hasten the action of the 
fungicide. While this mixture has not been tried on ornamental 
plants, it is mentioned as a possible dust for controlling mildews 
and some rusts. 

6. SPREADERS.—Frequently fungicidal sprays do not stick 
well to plant leaves, but tend to collect in drops and run off. 
Several materials are useful to hold the spray on the leaves. 
These spreaders or stickers also tend to make the spray film 
thinner and are economical to use. Moreover, they hold the spray 
on the leaves for a longer time and prevent washing off by rain. 

Common laundry soap shaved up and dissolved in spray so- 
lution makes an effective sticker. Skim milk has a similar effect. 
Commercial preparations of casein are also very effective as 
spreaders. Rosin and fish-oil soap are also boiled together and 
used as a sticker for fungicides. 


NOTE: The approximate prices on the above-mentioned sub- 
stances are listed below: 


Copper sulphatewa. ani ee $0.15 per pound 
Dry Bordeauxnecy ae oe ae ey oS 
Corrosive sublimate............ Pe Me ie 
Formaldehyde eacss ae ee DAS rh 
Sulfur—fowerss 1 ci eee: Loy s 
Rolled (af see ‘OG iae ce 
Precipitatedian. eee eee oy. oe . 
Fish-ollssoapae a a eee vA < 
ROSIN Gate «eee ok Mise =U ey 


Kaso (commercial casein 
preparation) =. eee eek ¢ 
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DIRECTIONS FOR SENDING PLANTS FOR IDENTIFICATION 


1. Send plenty of material. Send roots, stems and leaves 
of a diseased plant. It is difficult to properly identify a disease 
in many cases from fragments of a plant. 


2. When sending soft-tissue plants, press out the leaves and 
wrap in oiled paper or moist newspaper, and then heavy dry 
wrapping paper, or put in a box. Mail as soon after gathering 
as possible. 


In this way plants will arrive in good condition. Do not 
crowd a wad of the plant into an envelope for sending. Such 
material always arrives in poor condition and it is difficult or 
even impossible to identify. 


3. When sending specimens of woody plants, collect ma- 
terial which shows not only the diseased portion, but adjacent 
healthy parts. 


4. Send all material to: 


Department of Botany, 
Colorado Agricultural College, 
Fort Collins, Colorado. 


ARIZ.UNIV.LIB, AUG 5 - 1929 


BULLETIN 352 MAy, 1929 


Mia beow EPoIDE SULPHUR GONTENT Asa 
BASIS FOR DILUTING LIME-SULPHUR 
LOI Se GUNG 


By GEO. M. LIST 


COLORADO AGRICULTURAL COLLEGE 
COLORADO EXPERIMENT STATION 


FORT COLLINS 


The Colorado Agricultural College 
FORT COLLINS, COLORADO 


THE STATE BOARD OF AGRICULTURE 


i Montrose 
RDS, Pres.. Fort Collins elfen Ove BELL cog ean eLeetetelsirsns 
yg ING Phobias Westminster W. Be GIFFORD Be eee Ae xjiesperus 
Sy UN be te evisiremiies once werouce reeley G * CHOC to OO. Gt OEG 
Hy isn AM RE ee Brighton JAMES B. McKELVEY....La Jara 
SS ete ns wee gir : GOVERNOR W. H. ADAMS 
Hz-Otfclo’ PRESIDENT CHAS. A_ LORY 
L. M. TAYLOR, Secretary G. A. WEBB, Treasurer 
OFFICERS OF THE EXPERIMENT STATION ; 

(CHEUNSE NA AU OlG WES UID, JOSE onc ccancnthote do Odeon aon oD President 
(SLM SS CATO BN OU tN ORM Moe MO Nslong ah antes aA Sathana. Gearon 0 buon OO Una. Ke aeons 
Gy 1B Ole MONE Bee, MAMI De a nas comacnoodoyodootmarno DOO COON Gh t Vice-Director 
Dee oad by Nae Oe ener eee ieee tenons oo bacco Onig OOo Eonar 6 Secretary 
7 NOK BN [Ud Leon oN 5 @) Un deat Anak, WiounmGnenG to oncwe Cacho: Oa Capo O-GENG O oud.n Ceo, Ore Ot Executive Clerk 


STATION STAFF AGRICULTURAL DIVISION 


Ce Pe GlLLE WEE,» MES Seri Dir SCtOr mms sauce artes cle iten sue iat helevelciren Entomologist 
WM. P| HEADDEN, A.M., Ph.D., ID orie cd opp apna sboohoenenp con onun omen: 
Ga HA GUOVEIR,, UVES) SIDR Mise cu ucedencpenereaenevtc hore atrel cyreetawe otter thamer sar ehatemestste Veterinarian 
Wi Gi SAC HUI APD) rete relents cetoyotestatarome fakeusiome serhcrewarel aieranalieliclte swetane etelcens Bacteriologist 
SNOW RE ENO Sl DA Dil gene Net IS eset eee noma Gicee err cng caer oO Ciclo PaOwO.o Dario. nro Pane Agronomist 
CAH OL WN, WHOM NOINE IS ISt IMGIbY Gos Ged Ooo note no non OOOO Animal Husbandinan 
eS AN D'S ENG MES, Cea a cwentancnsssusiesraliowel cee clicloliemenees emelomen= ta) ejedest=r Horticulturist 
BOF TON Gaya Agee SS aS ae MIL CHD ae ce carayteeeenrara: sieurne eu) iron ican ene toeite Forestry Investigations 
1s ADs IRM OAW AONE, ISHS UDANGShAadaueeumoounacnencoooso nu Veterinary Pathologist 
AOR Wee MONON eM Se DHL US Ml etal Dey Ges plan Rais Deumorcioteee On aloe oC CummaMit a olor 0.6 Botanist 
RALPH I. PARSHALL B:S:.....U. S| Senior Inrig, Hnge, Irris: Investigations 
[ets HO MMR IUHST TMS JESS be Coo ono oaclcd Asst. Irrig. Investigations (Meteorology) 
BSH Gel ee OXON OLE ADP NSIS OM ERS ath aici asi Gemieirntis oueciptom dition ono. o ome Associate in Chemistry 
MIRIAM A. PALMBR, M.A., M.S....... Delineator and Associate in Entomology 
J. W. ADAMS, B.S., Cheyenne Wells...... Assistant in Agronomy, Dry Farming 
OSU MRI UIDS 325 UOINGDISS DEES, IIS TERIDE 6g ockon Gono ou Associate in Entomology 
(CUNIEUIy JRONSIAW Re, Ih. (NMS oooone onan Associate in Irrigation Investigations 
GHRORGE Meliss BUS e WM Sar evar cces sess veleiansre eeralenaie are Associate in Entomology 
TE dn LAC INEAUR IDS BES WAr UV AG ro cre arersiaryiet runner eee Associate Animal Husbandman 
A "65 it BRAD SSM SAN OMI Nu Gee Tae eee nel ce Ne mera har che ertranicya cuca carer a eolenctcr Rodent Investigations 
PLOY DD OROSS. Dave Mere ccans a.cae tiem erie cersreu Associate Veterinary Pathologist 
ie Fl INTE WHDOINE, IBSSiatces cies stansoses Sekt neue) olecneeeisl ose eine eNOS OGIaA ce: sm mr COmIOLO ray, 
2 JOPLIN LL. HORRNE RR, BiSs oie Sat sscitees es ne reo ees Assistant in Entomology 
Dp Wi EOI TS ROAR a iicg cb AL ra. ttvcy sirsrcltiaraltetenatetetes serene neleasticueisieneeZ Associate in Chemistry 
CEES EN ALLE SABES IMA cue silesmuetee tenes Severenie Brera ate tataiel or aMarcyoreuetoteee Associate in Chemistry 
DAVE W. ROBMRTSON, B.S. MAS. Bhi De. .o... ......-Associate in Agronomy 
MS Gre TIN GED OBI a cece taj toners ened oi afrena sh, force one enare hereto nero Eee Editor 
Lal MOOR FHOUSH Bis sAry INisSiara area ster arevendne ctutkeinmismniars Rural Economist 
Rls BUIRDLC KG WE Sie MieSuciatan ober cuss eter reieneccencher Associate in Rural Economics 
Bo COEIN, Sta. iy, Oe As ME aoe corn napectteme. eeeievcnatn uate ecarcieickede Associate in Rural Sociology 
SE A ioe gO EHINY BRIN (Pt BSS Set ne ceo, baer LG, OCR cre cord mo Wats o Aine: Assistant in Agronomy 
ey Sele UNG ROH DSSS: sate clouds torte aieta annem eau Assistant in Rural Economics 
OYA NSS ANS DREAM OING FHING acc aciono ado aoeoe oon ant Assistant in Bacteriology 
DIWAG HES Se OONCH BUS teer the os niet ee eee Assistant in Agronomy 
LO ay, OEM CHR OIN ESR UES. We ao oeen JoO0 6 be dacs Assistant in Plant Pathology 
AINIWAG Mir UDR A, Bi BUS Cita amien ya iin eh ee acne ne tee Seed Analyst 
He lieeC Lib Ga Te ySiw iM Sy aera a sueerue cia penetra! Assistant in Plant Pathology 
(slDlad ay RN OL SU AMINISOING /Noise. NSE EVID ago bouuecune ode Associate in Botany 
(CCUMSHi in INEDMVACH DHE, Jeychy MISES ang o0dnee bogcvaeoudgsock Assistant in Horticulture 
RICHARD V2 UOUWMS BS.) Miss skin dna eens achae ni eA SSIStamitudn sciortleuitume 
HENRY L. MORENCY, Ph.B. M.S., D.V.M...Assistant in Veterinary Pathology 
Ds ING (XO ENIGID RON, ees MOSES oananacs boo ke ohhossuds nol Assistant in Marketing 
GCHAST He RUSS Bigs BS ee a eneen Agent, U. S. D. A., Rural Economics 
QS IGT NEN DSc al oy 8) A rg See DI BAST y oie Big Siadain ae cit Giein a dtr 6.6 orale Assistant in Botany 
IDUDIN GUSH IES dedsyOVO sy IBECh. Golaciou oan one aos Assistant in Irrigation Investigations 
1S Ain WRU MISUSWAINDACIS WBYSho hin on odoeacnn osc 0% Associate in Animal Investigations 
JNU IUOINDY LEVEN SUING, ABS IMIS. Oooo cua souecauouscned. Associate in Horticulture 
MIME Ls NM ELONVA Devry MISS Gono On oo Ob Ao bade Oae oo cmd ban Assistant in Botany 
Aare OLGA OM DH Re SCR Se pe i lt Sa lee aan eeu wR Vf Associate in Irrigation Investigations 
ENGINEERING DIVISION 
LD CRAIN, B.M.E., MME, (Chainmam:oacnnes sees Mechanical Engineering 
lay Jy HeOAUISOR CBS KODE, IES Goa oosoaebonana Gua vonoob oe Civil Hngineering 
SOKO) Ee eH eS ME 2 ae OLD pl) PRN Sask Ouyccnato om Eola ania aih uc colsule 6 Testing Engineer 
CHAR EES (Al lO GAN] BiSvAyy sane oe Assistant in Mechanical Engineering 


*On leave, 1928-29 
**Deceased. 


THE SULPHIDE SULPHUR CONTENT AS A BASIS 
FOR DILUTING LIME-SULPHUR FOR SPRAYING 


By Gero. M. LIST 


While lime-sulphur is being replaced to some extent by 
other contact sprays in the control of certain pests, it remains 
one of our very important insecticides. The proper dilution of 
the concentrated forms is of prime importance and errors in 
this connection may explain some failures to get satisfactory 
results. 


Dilutions for spraying have been based upon work at the 
New York (Geneva) Agricultural Experiment Station, which 
indicated that the dormant spray for San Jose scale should con- 
tain about 0.297 pounds of sulphur in solution and the summer 
spray 0.065 pounds. The percentage of sulphur in solution is 
ordinarily determined by the specific gravity method, the Baume 
scale generally being used. The density of the diluted spray as 
called for in most tables of dilutions is about 4.6 degrees Baume, 
or 1.0327 specific gravity, for a dormant strength and 1.0 degree 
Baume, or 1.0072 specific gravity for summer spraying. 

This method, while simple and convenient, does not take 
into full consideration that all sulphur in solution may not be 
in the most active form and that the presence of many other 
materials in solution may affect the specific gravity. 

Shafer (1) in 1911 determined that the effectiveness of 
lime sulphur as a contact was largely due to the ability of cer- 
tain compounds in it to take up oxygen. He states that “Two 
properties—strong reducing power (i. e. great affinity to take 
up large amounts of oxygen) together with the ability to, at 
first, soften or partially dissolve the newly secreted wax at the 
margin of the scale—appear to be the most important in making 
lime-sulphur an efficient scalecide.” 


Tartar (2) states that “The compounds formed by the re- 
action between calcium hydroxide and sulphur, under ordinary 
commercial conditions of manufacture, are calcium tetrasul- 
phide, pentasulphide, thiosulphate and sulphite. All of these 
compounds are readily soluble in water with the exception of the 
sulphite, which is comparatively insoluble, * * * * in general, 
the insecticidal properties of lime-sulphur are due principally to 
the following named properties: 


The writer is indebted to Prof. Earl Douglass, of the Chemistry Dept., 
Colo. Agr. Expt. Station, for assistance in making the testing fluid, and for 
reading the manuscript of this paper. 
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“(1) Its power to take up large amounts of oxygen, (2) 
its ability to soften the newly secreted wax at the margin of 
scale insects, and (3) the amount of free sulfur formed in its 
decomposition. If this be true, then the question of the correct 
valuation resolves itself into the quantitative measurement of 
these factors. 

“The amount of oxygen consumed depends upon reactions 
as represented in the following equations: 


CaS,+30=—CasS,0,4+35 
CaS,+30=CaS,0,+258 
CaS,0,—CaSO,-++8 

CaSO,+O0—CaSO, 


“The combination of oxygen with the moist polysulphides 
is very rapid and quantities of the tetrasulfide or pentasulfide 
containing the same amount of calcium would absorb the same 
amount of oxygen and consequently produce the same amount of 
thiosulfate. This last named substance decomposes very slowly 
under ordinary conditions. For this reason, calcium sulfite is 
formed very gradually and the oxygen required to form the sul- 
fate is absorbed slowly,—too slowly, in the writer’s opinion, to 
make it of insecticidal importance. Investigations made by the 
entomologist of this station indicate that calcium sulfite has 
practically no insecticidal effect upon San Jose scale.” 

The above equations, besides showing the amount of oxygen 
consumed indicate the power of the various compounds to lib- 
erate free sulphur, the majority of it coming from the polysul- 
phides. 

In regard to the ability of lime-sulphur to soften the scale 
covering of San Jose scale Tartar (2) states: 


“The writer's experience in handling the spray simply veri- 
fies the correctness of Shafer’s statement that ‘the so-called 
caustic action of the wash on the hands seems rather due to its 
strong reducing power (power to absorb oxygen) than to the 
alkalinity of the solution.’ It is quite possible that this reduc- 
ing power may also cause the softening of the so-called wax on 
the scale insects. If this be true, the ‘oxygen’ number mentioned 
above would give its quantitative measurement. At any rate, 
the power of the spray to soften the so-called wax is evidently 
due to some property of the polysulfides; and in the light of pres- 
ent knowledge no definite statement can be made regarding its 
exact nature or its exact quantitative analytical measurement.” 


In 1924 Abbott, Culver, and Morgan (3) tested against San 
Jose scale, solutions made up to correspond to the various com- 
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pounds of lime-sulphur that might possibly have insecticidal 
value namely, calcium trisulphide, calcium tetrasulphide, cal- 
cium pentasulphide, calcium thiosulphate, calcium sulphite and 
sulphur. Their conclusions were that “Calcium thiosulphate, 
calcium sulphite and free sulphur were of no practical value.” 


The virtues of lime-sulphur as an_ insecticide, therefore, 
appear to lie in the so-called polysulphides, namely, calcium 
pentasulphide, calcium tetrasulphide and calcium trisulphide. 
The last named is least effective and fortunately forms only a 
small part of most liquid lime-sulphurs. 


This value of the polysulphides, which are often spoken of 
on the basis of the sulphide sulphur present, has long been recog- 
nized in the preparation of sheep and cattle baths for the con- 
trol of external parasites. Chapin (4) states: “Lime sulphur 
dipping baths, whether home made or proprietary, are essen- 
tially composed of two substances in solution, both of which con- 
tain sulphur, namely, calcium polysulphide and calcium thiosul- 
phate. The Bureau of Animal Industry has no present proof 
that calcium thiosulphate is of any value for the treatment of 
scabies in either cattle or sheep, and pending further investiga- 
tions, accordingly, must attribute the efficiency of dipping 
baths solely to the sulphur present in the form of calcium poly- 
sulphide.” 

The standard called for by the U. S. Bureau of Animal In- 
dustry for the dipping of sheep is a sulphide sulphur content in 
the prepared bath of 1.5 percent for sheep and 2 percent for 
cattle. In order to check frequently and quickly upon the sul- 
phide sulphur content of stock baths, Chapin (4) has developed 
a rather simple iodine test that probably has a place in the eval- 
uating of lime-sulphurs for spraying purposes. This, while 
probably not as accurate as the official methods of chemical 
analysis. has proved satisfactory in checking ‘the strength of 
dipping baths and these must be much more accurately controlled 
than have been the strengths of tree sprays. The test is used by 
some manufacturers of lime-sulphur in establishing the strength 
of their material, as a basis for their guarantee for stock dips. 


AN OUTLINE OF THE TEST 


The following brief outline of the iodine test is made from 
Chapin’s (4) original description of it. 

The test is based upon the reaction between sulphides and 
iodine in neutral solution, whereby sulphur is precipitated and 
metallic iodide formed. It therefore, directly estimates, not the 
sulphur, but the metal calcium, combined with the sulphur in 
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the polysulphides. The sulphur present can be accurately com- 
puted only when the sulphur and calcium are combined in un- 
varying proportions. Theoretically this requirement is not met 
in the case of lime-sulphur, but experience has shown that the 
variation in the carefully made liquid products is not so great 
but what the test is sufficiently accurate for practical purposes. 
The ratio provisionally adopted by Chapin is 4.6 atoms of sul- 
phur to each atom of calcium, or by weight, 147.5 parts sulphur 
per 40.07 parts calcium. Since Chapin arrived at this ratio, 
Abbott, Culver, and Morgan (3) have stated that in more than 
100 commercial lime-sulphurs analyzed the ratio was 4.68. 


The test is made by adding standard iodine solution to a 
measured quantity of diluted lime-sulphur until the resulting 
liquid no longer gives color with a dilute alkaline solution of 
sodium nitroprussid, showing that calcium polysulphide has been 
entirely decomposed. The amount of iodine added to reach this 
point is then a measure of the amount of “sulphide sulphur.” 
The test fluid is of such strength that, in the actual performance 
of the test, each cubic centimeter of it employed represents one- 
tenth of 1 percent of sulphide sulphur when the amount of lime- 
sulphur used is 24 cubic centimeters. The directions for making 
the test fluid and indicator solution, as given by Chapin (4) are 
as follows: 


“In preparing it, 44 grams iodin and 88 grams potassium 
iodid are dissolved in water and made to 1 liter, and the strength 
of the solution is then adjusted against sodium thiosulphate or 
arsenious oxid. For example, 50 c.c. of a tenth-normal solution 
of either of the above standards should require 15.38 c.c. of test 
fluid of correct strength. The test fluid should, of course, be 
kept in glass-stoppered bottles only, and in a dark, cool place. 


“The tablets for indicator solution are prepared after the 
following formula: 


Grams 
Milk sugar; powdered ges ene eee eee £2 
podium nitroprussid, powdered 2 see aeee eee 20 


Sodium carbonate, monohydrated, powdered__100 


“Mix, moisten with 50 percent alcohol, granulate, and dry 
at room temperature, then mix granules with 3 percent of pow- 
dered taleum and compress to tablets of 0.255 gram.” 


The indicator solution is made ready for use by dissolving 
1 tablet in 15 c.c. of water. This should be kept in amber glass, 
since it is rapidly decomposed upon exposure to light. 
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If the test is to be used for concentrated solutions they 
should first be diluted with sufficient water to bring the sulphide 
sulphur content to not much over 2 percent. 


Chapin (4) describes the equipment and technique for mak- 
ing tests in the field. The ordinary titration equipment and 
technique seem to be more practical and accurate when they can 
be used. 

RESULTS OF TESTS 

Table 1 gives the results of this test upon a number of typi- 
cal samples of commercial and home-made lime-sulphurs. It will 
be seen that the sulphide sulphur content varies a great deal. 
This however, is not as important as the ratio of the sulphide 
sulphur content to the specific gravity, which indicates the pres- 
ence or absence of other compounds that affect the specific grav- 
ity and which we must consider as inactive as insecticides. 
Samples 1 to 16 inclusive are of commercial brands of lime-sul- 
phur now on the market as tree sprays and stock dips. Their 
ratio of sulphide sulphur to specific gravity is rather high, the 
average being .961, the lowest .917 and highest .985. Samples 
17 to 40 inclusive are “home made.” Seventeen to 28 inclusive 
were made in a community plant at Paonia, Colo., where live 
steam is used in the cooking. Twenty-nine to 40 inclusive were 
made by direct heat in open kettles. The ratio of sulphide sul- 
phur to specific gravity in these home-made materials is consid- 
erably lower, showing the presence of other compounds in solu- 
tion that affect the specific gravity. The average ratio is .677, 
the minimum .604 and maximum .768. 

Column 7, Table 1, gives in percentage the sulphide sulphur 
content of the samples when diluted to a strength called for, by 
standard specific-gravity-dilution tables for San Jose scale 
spraying. This indicates the variation in the amount of active 
ingredients that may exist with this system of dilution. The 
range is from 2.288 to 3.847 percent, or, in other words, the 
former has only 59 percent as much active ingredients as the 
latter. The average sulphide sulphur content of all commercial 
brands so diluted was 3.51 and of all home made, 2.70 percent, 
or 77 percent of the former. All tests were made of the clear 
liquid only. 

Column 6 gives the gallons of concentrate called for by the 
specific gravity dilution tables to make 100 gallons of spray and 
column 10 the gallons required to make 100 gallons of spray 
having a sulphide sulphur content of 3.35 percent, which ap- 
pears to be an effective strength. Only two samples of the com- 
mercial material failed to show this sulphide sulphur content 
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and their variation from this was only slight while all the other 
samples failed by considerable amounts, one sample being as 
low as 2.288 percent. This would be only 68 percent of a 3.35 
percent standard. The average of all the home-made materials 
was only 80 percent of this standard. 


EFFECTIVE AMOUNTS OF SULPHIDE SULPHUR.—There is lit- 
tle experimental evidence to establish the amounts of suphide 
sulphur that the sprays should carry to be effective against the 
various pests. Three samples that were analyzed and tested 
against the San Jose scale by Abbott, Culver and Morgan (3) can 
be calculated to have carried 3.20, 3.30 and 3.31 percents re- 
spectively. According to Parrott a gallon of diluted lime-sul- 
phur for San Jose scale spraying should contain 4.75 ounces of 
sulphur in solution, or 3.45 percent, for blister mite spraying, 
3.56 ounces or 2.60 percent, and for summer spraying, 1.04 
ounces or .0775 percent. Holland, Bourne and Anderson (5) 
state that the ratio of thiosulphate sulphur to polysulphide sul- 
phur in commercial lime-sulphur liquids is one to 32. By cor- 
recting Parrott’s figures for the sulphur in solution by deducting 
the thiosulphate sulphur, we would have a requirement of 3.35 
percent of sulphide sulphur for San Jose scale, 2.55 percent for 
blister mite and .75 percent for summer spraying. These figures 
come within the range of the sulphide sulphur content of ef- 
fective dilutions generally used, so are therefore suggested for 
use when dilutions are based upon the sulphide sulphur content. 

Table 2 gives the dilutions for concentrates of 4 to 35 per- 
cent sulphide sulphur content. 


PRACTICAL USE OF THE TEST 


The test is sufficiently simple that it can be used by any 
fieldman and can be adapted to use in the orchard. The individ- 
ual growers will not use it as freely as the Baume test, but few 
individuals are making their own solution. Most home-made 
materials are made in community plants. It would not be diffi- 
cult for some careful workers in connection with these to learn 
the test. The commercial concentrates, if shipped under a sul- 
phide sulphur guarantee, could be more accurately diluted than 
by the specific gravity basis. 

The greatest error in diluting by the Baume test occurs 
with the home-made concentrates. This error, on the average, 
appears to be about 25 percent when the clear liquid is used. If 
the sludge is also included, the error is greater, as this must be 
considered as practically inert as an insecticide and therefore 
dilutes the active material. The amount of sludge varies a great 
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deal, depending upon a number of factors such as proportion of 
ingredients, their purity, method and time of cooking, etc. 

Quaintance (6) states: “In spraying for San Jose scale and 
the pear-leaf blister mite about 5 percent more of the solution 
should be used than the table of dilutions indicates, if the sludge 
has not been filtered out. In summer spraying, however, no al- 
lowance for sludge is necessary, as a large percentage of this is 
composed of finely divided sulphur, which is of value.” 

If the dilutions by Baume of the clear liquid from home- 
made materials are 25 percent below a desired content of sul- 
phide sulphur and the sludge is also used and dilutes to the ex- 
tent of 5 percent, it would appear that, if these dilution tables 
are used, the amounts called for should be increased by 30 per- 
cent. 

Dry LIME-SULPHUR 


The iodine test for sulphide sulphur directly estimates the 
calcium of the polysulphides, not the sulphur itself. The amount 
of sulphide sulphur is arrived at thru the knowledge that there is 
a rather constant ratio of calcium to sulphur in the polysul- 
phides in liquid lime-sulphurs made by standard formulas under 
the usual conditions of cooking. The ratio provisionally adopted 
is 4.6 atoms of sulphur to each atom of calcium. Abbott, Culver 
and Morgan (38) state: 

“Based on the analyses of more than 100 commercial 
lime-sulphur solutions the average molecular ratio 
2 —— is 4.68, indicating a predominating per- 
centage of the higher sulphide, CaS., whereas from the analyses 
of 38 samples of dry lime-sulphur the molecular ratio 
Pe at ee es inating qhavithet pol eulphices 
Polysulphide calcium 
are mainly the lower sulphides, CaS, and CaS... 

“When the water is removed from liquid lime-sulphur to 
produce the dry calcium-sulphur, the calcium polysulphides are 
changed from the mixture of polysulphides 5 (CaS,;) and 4 
(CaS,) with the 5 predominating, which is found in liquid lime- 
sulphur, to a mixture of polysulphides 4 (CaS,) and 3 (CaS,) in 
approximately equal proportions. This change would, according 
to the experiments given in Table 10, reduce the effectiveness of 
the dry calcium sulphurs since the higher polysulphides were 
found to be more effective than the lower ones.” 

In the light of this it can be seen that the test is not accurate 
for dry lime-sulphur preparations. It overestimates the sul- 
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phide sulphur content, apparently, to the extent of about 25 per- 
cent, and the sulphide sulphur present is less effective since the 
lower polysulphides are the least effective. These statements 
are borne out by the results obtained by Abbott, Culver and 
Morgan (3) in testing the dry lime-sulphurs against San Jose 
scale. They concluded that even the excessive amount of 33 
pounds to 50 gallons of water did not serve as an effective rem- 
edy against this scale. 

The writer has, however, calculated the sulphide sulphur 
content of several samples of dry lime-sulphur by the iodine test 
without making any corrections for the lower ratio of the cal- 
cium and sulphur in the polysulphides of these materials. These 
results are given in Table 3 along with the dilutions necessary 
to give a sulphide sulphur content called for in San Jose scale 
and summer spraying. These dilutions are not given as sugges- 
tions of the amounts of these materials to use because of the over 
estimation of the sulphide sulphur. Also Abbott, Culver and 
Morgan (3) have shown that an increase of the amount to the 
point where the usual amount of sulphide sulphur is present 
does not give effective control of San Jose scale due to the lower 
effectiveness of the lower polysulphides and to an apparent de- 
creased effectiveness caused by the presence of considerable 
amounts of insoluble sludge. The dry lime-sulphurs are, there- 
fore, considered impractical as insecticides under ordinary con- 
ditions. The work of Abbott, Culver and Morgan (3) indicates 
that the same is true of the sodium and barium sulphurs. 


SUMMARY 
All experimental data indicate that the insecticidal value 
of lime-sulphur is largely, if not wholly, due to the ability of the 
calcium polysulphides in it to take up large amounts of oxygen. 

The Baume hydrometer test is not always an accurate meth- 
od of measuring the amount of polysulphides in a solution. The 
presence of other soluble compounds affect the Baume reading. 

The iodine test for the sulphide sulphur seems to be more 
accurate than the Baume reading. 

The ratio of the sulphide sulphur content of samples tested 
to their Baume reading varied from .604 to .985. The ratio was 
higher in commercial samples than in home made. 

The effective amount of sulphide sulphur in the dilute spray 
seems to be 3.35 percent for San Jose scale, 2.55 percent for 
blister mite and .75 percent for summer spraying. 

The commercial samples, with the exception of two, when 
diluted according to the standard Baume dilution tables, carried 
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the specified percentages of sulphide sulphur. Some carried more 
than these percentages. The samples of home-made material 
carried from 68 to 88 percent of the specified amounts. 


The error in diluting home-made lime-sulphurs by the 
Baume tables appears to be about 25 percent when sludge is not 
included. The presence of the sludge increases the error by an- 
other 5 percent. 


The iodine test overestimates the sulphide sulphur content 
of dry lime-sulphurs. These materials, when diluted according 
to their sulphide sulphur content, become impractical as insec- 
ticides. 
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Table 1. Sulphide Sulphur Content and Dilutions of Lime-sulphur Samples. 
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Table 2. Dilution for Liquid Lime-sulphur to Give a Sulphide Sulphur Con- 
tent of 3.85 percent for San Jose Seale, 2.55 percent for Blister Mite 
and .75 percent for Summer Spraying. 
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Content of Dry Lime-sulphur Products and the 


Dilutions Necessary to Secure a Sulphide Sulphur Content of 3.35 
percent for San Jose Scale and .75 percent for Summer Spraying. 


Sulphide Sulphur 


Mable 3. 


9}eBIJUBOUOD JO 
seouno osn ABAIdS 
Jo uOoT[eVa 9u0 
IOq :AvIdg sz9aw 
-ung 10J UOIINIIG 


9}eVIJUBDUOD Jo 
spunod osn Avadg 
JO SUOTIVS (OT 
IoWq :Avaidg az9w 
-lung J10J UOTINIIG 


978.1} U90U090 
JO seouno osn 
ABldg jo uol[es 

T IOq ‘:a[vog ssor 
UuUvg IOJ UOTINIIG 


9}BIJUIDUOD JO 
spunod osn Avads 
JO SUOTIBS OOT 
IOV :9[B9S 9SO; 
ues 10jJ UOTINIIG 


qus019q ‘yUua}U0e 
inydtns sprydpns 


‘ON o[dues 


1.66 


10.4 


46.5 


60 


1.74 


7.80 10.9 


48.8 


nN 


1.58 


7.07 


44.2 


63.2 


1.58 


9.9 


7.08 


44.3 


TORT 


7.68 


48.0 


58.2 


1.63 


45.6 


61.2 


1.52 


6.84 


65.2 


1.64 


10.3 


~ 


46.4 


60.2 


1.68 


10.5 


47.2 


59.2 


1.64 


10.3 


7.37 


46.1 


60.6 


10 


9.6 


6.89 


43.1 


64.8 


ila 


BULLETIN 353 SEPTEMBER, 1929 


SOS leo haeRODUGINGSGRORS 
ON IRRIGATED FARMS 


By R. T. BurpICK AND H. B. PINGREY 


In Cooperation with Division of Farm Management and Costs, 
Bureau of Agricultural Economics, U. 8. D..A. 


CoLoRADO AGRICULTURAL COLLEGE 
CoLORADO EXPERIMENT STATION 
Forr CoLiins 


The Colorado Agricultural College 
FORT COLLINS, COLORADO 


THE STATE BOARD OF AGRICULTURE 


VO, UR, SHOES, TesMee otaanc.o8 00 Greeley JAMBS P. McKELVEY........ La Jara 
IMEATRAY, GES TEUA Moin. ere liaise ote tener eles Brighton ABs DY DB Saree acre ototeiets kettle Manzanola 
iy (Ob aso owe conandaunn oOo Montrose On W DB Bice remiseteteer stare Milliken 
Wie 1G CLOMNONMD eo ooooocogcc Hesperus NTU die VV EACEC EU ETN areata at ayraiesiette tote Fort Collins 
Ex-Offici Peover on Ww. H. ADAMS 
x-OnlClO ) PRESIDENT CHAS. A. LORY 
L. M. TAYLOR, Secretary VERNER WOLFE, Treasurer 
OFFICERS OF THE EXPERIMENT STATION 
CHAS SEAS MORN. Mise uhelhe IDsS Chtyeicrera cleieisisiselevettciekaietetelsnareeNatcnaieteishen-Wena .. President 
CREPE EEE MAS DES Cr. eostsace nieve cuclectetherereolehel Ne otelededeusneReaeustenete rete .. Director 
THD eORA TING vo Mat me Me NEI wens: ouelcemer ciel seercastisteletalencustedtedoceeneleante Sra rae ncusyeaeisne: oe Vice-Director 
Mee Mee VAY TO Bere Biotec: svranes stiotieisis ehreususheratelra) olouolnieekene airetehey eheiol sical ofevetiae aie nehcvesetscs iste sein Secretary 
EAUNEND AZ TOISAS] Fussteroyicotie)icueh anemone onstintsonchiolererehaler siteue re ilieiAiovarovavonal'elee bLonetel eens Executive Clerk 
STATION STAFF AGRICULTURAL DIVISION 

CAPs GiubE TH Mesias SC.. sDILECLOL serene oretetereletisattersieteneletencteies eke eleelic Entomologist 
VW, 1D ED OV NID OTOINS JN eo ede, IDES, cou ganoeaEoo bp ocddacocooo ob yO OOnmanE Chemist 
GEE MG LOVER MES ee Mise cvetarsrenshenchersuottietoteusccLencReronerepstetsickemeicten Miavornoneneiene Veterinarian 
Wis Gi SACK MIDs Pi, Dice chans cists ars koi 50 corte) Step elie oe vaveleues oe recente eislaust ovaus aire eiale Bacteriologist 
GAIN DIN SSE) ZA ERS AL IMM a os ercirsiras awe atramter ef atesuisise tevene) ibe. (0)-eltec a Ralcelreiseuancusuntoiel etesverete cmereleteneiote Agronomist 
EHOW DS MORTON: BiSen Mi. Latraesrscicretseleuclecetshe slats roche rocctoweelersrsieta tats Animal Husbandman 
LOS SAINT SIREN IMGs, tL) eeerareleter shaker eholenoraceieletehelareneneiterekeioncteetetetat ates Horticulturist 
BO MUONGY HAR] BiSi iMun ae cieralcretexsisiclehettece) snevatoususssielch elma atte Forestry Investigations 
1 NEWSOM, 385 DVS troche cleioncie ateians evened sreud harerect el aicuetetetche Veterinary Pathologist 
AW DURR BES Rh, Direc tie cktovs. aeeveccheretoie cs 'o etepaiteds eral aitor cer etts aeotereh sors cope actor Botanist 
WAT PEGs PAR SIEPATGE. IBeS eee ere cleus U. S. Senior Irrig. Eng., Irrigation Investigations 
TENG Ame Minn Ke AV LS OUNG Blais see Vics cleencecnctcict cn siietetst = teton sireuate Home Economics Investigations 
By ES ER EMB ES CBS ve ctete ste cis teee fers tivedel areieroceits Asst. Irrig. Investigations (Meteorology) 
WAR TAD OUGUAS Sie MES iret rcraroterencheetenectierste eleictooiche miaier oie ate Associate in Chemistry 
MIRIAM A. PALMMR,; M.A., M.Sick ce. con ses Delineator and Associate in Entomology 
J. W. ADAMS, B.S., Cheyenne Wells............. Assistant in Agronomy, Dry Farming 
(CHEUNG OLDS) Die AKOISIORE 1BEShe IMSS TOG oan ansonuacmocosades Associate in Entomology 
CART PRO EWE Ra Bases Oabloerorickeseit cielelscrereiceneerare Associate in Irrigation Investigations 
GHORG DEM AiLS Ty Biss Me Siocrenccevciciersioisicrakensconsienstehoreiatens tone tens Associate in Entomology 
Bd MAYNARD) BiSA.5 MS iicce cece crore vetistiave! of celle, ieehn eicoraie Associate Animal Husbandman 
Wis Ui. BURN BTS sera sire eceite sete verso na) eiseurortenslisdavevcdsslehe tasenie easels susie sieuatene Rodent Investigations 
HHO DPCROSS wis Vee cisco cisdonelaneeiene nar ceewercisicae Associate Veterinary Pathologist 
Jo ES NEW DON BS sein eters cere eves one lieve ster ereieley shane coeuele ercietn otek Associate in Entomology 
*JOHN I. HOWRNDR, BiS.,. MiSs cs ereterere cue sueisiw oo: sweeter e400 Assistant in Entomology 
JeeWi LO BISKA BES Ss Mick Wire walerronsiacacts che mccte teterai sucker ok ciao nine Associate in Chemistry 
©} TOK WSIS ess Mielb oon pod os omouaMoGeo DaOUKOOoNano Aco Oo oeS Associate in Chemistry 
DAVEDEW. ROBDRESON PBS svi Se hs) societal sroncioeretetarercncrabenens Associate in Agronomy 
Pe iGe KIN GEOR Nic ogo as iain Giacevealiscshe occtelistensuanss scot satiny omete, leuedenetene alter ater tare tie Cees Hditor 
Leck MOORTIOUSD MBSA MGS. erareorts aie crwielieece seu siscslelleve: celle eos euehoreneteusrs Rural Economist 
Re De BUR DICKS SBiSe IMS wcsetevets ner eteneievelisllci'ers, viscera raae her els Associate in Rural Heonomics 
Gas IS MEMS ON Basta Miacecrnrercrerciensier ener Associate in Taxation and Public Finance 
Crea GIN RR YA eA varrictercistenereheltceenen sy enetenets smerel siete te Assistant in Rural Economies 
Bel COMN: Bilirs Av Miva sccperelcrosceroteveiieieiera sw Wasistsiavele eitenetad Associate in Rural Sociology 
Ge Wa DIMING, BIS Aisi ors seis 2 cree |sisicieie 0s) sieve oe wieeus anna anw ae Assistant in Agronomy 
EB APINGRDN:. cB Sistine crbernsiesecc sietsucsneier a telsieiam bien Assistant in Rural Economies 
LEN CEUs Mb NOLO ODE BES Ba rin ocdadaadonboboddoaudeb au oGomaor Assistant in Agronomy 
LE ING, GLUT KES RG OTS Fo ESS By Riaa ca aor cima OS Ocho Ochoa: Assistant in Plant Pathology 
ee CRG Bs Sic, MCS icap kev aueltsneve ccliesretieuctter chee ne)istreene eteneua ene ee Assistant in Plant Pathology 
AININAL Ma UDB) AVS BSG: wacesyeieteso esies.c cue siacerareislere piel sieieteieioer cence ene Seed Analyst 
13 i Le 83 OF RUIN (Oe BUI, VN sisn SAR ABODE Gh ooooGg ano pGoomoSe on6 Associate in Botany 
CART UMHDZGHR eis sie sasvers cibevcieleiersioucresclict cr sneneneteretemeacaeiene Assistant in Horticulture 
Lewis, Re BROOKS. Bes iets oe cicese cio ise aber Assistant in Irrigation Investigations 
RICHARD BVie OD BSS suv S oradera ce lakersicrencrereria tenon merereiete Assistant in Horticulture 
DIN. (DONALDS ON B.S Mia ce onn «eevee © ain ere icoeiaareien ot eeleronememene Associate in Marketing 
Re We ATR BI AINIGS 2s Bas crveniebeleit cccesercuciaieneratene er olerereece: Associate in Animal Investigations 
ATMOND EB IN KDR Ye Bis: mvicscenraces crests cuaiel neeaonae ene aes Associate in Horticulture 
IMA Yo 2 ER OJ WAR eS 3S IMSS ere tebe ails ieesnatiomenaromed seni notemene rm ea ee eons Assistant in Botany 
WME: (CODES IBUSTs Sistesis.s cvetetetetensne's ae; ene is ctalere ns Associate in Irrigation Investigations 
BRU CHa DE OR NMON CBs S aves sewcl worcuaistelonereiatonsi letersi erenene aioe: Assistant in Botany 
ATHA, STB WARE BiSiiies ances cisco oie cater svitetsiSeneter el comencrae ence Assistant in Bacteriology 
HARBOR BS OSAND eB Sve Seseisc cient ete Assistant in Animal Investigations 
LON SH DERM (OUNIET INA Ote BOWS MLSS a5. ooceoanoGuananacnoour Soil Chemist at Rocky Ford 
LM EON MSP CIOL ING SOMO MN EES WES sc oonnguccnnnobeoo de Associate in Home Beonomies 
JULES TLOR DUST Divi Mites cwetatatstete crete sxovetolet-nenenteteee Assistant in Veterinary Pathology 
DONJCATIONAGBCS MAS sa ccmerteeaencisce ccmmrcreneeiee ere aeae ieee ae iter ers Assistant in Botany 
DPIC RA Tae aT Ree Ne PA ae DIVISION 

4 8 MEM ME iGhalriman. focus eine eee Mechanical Engineerin 
1 Diced bred S KO DESY OND Sesh (GL OPA OF Ny nv ISS cere GeS Glowmes Garhi Ou Gea Giend dob Gace Civil Tin cineetine 
soar siroyrs\ age sersioioneWecainecersheterskevcrsyrermete Toren elo shione axer er uch ence MNCS TCT Tee Testing Engineer 
spevis\oe sess eva -sise “evceuelcaavalisvaesusteer ay eta) evapal <fesenGh si oxentare means Assistant in Mechanical Engineering 


*On leave, 1929. 


COSst OF PRODUCING CROPS 
ON IRRIGATED FARMS 


By R. T. Burpick anp H. B. Pinerry 


In the spring of 1922 the Colorado Agricultural Experiment 
Station in cooperation with the United States Department of 
Agriculture, began a detailed study of irrigation farming in North- 
ern Colorado. Weld County was chosen because of the wide selec- 
tion of enterprises possible in the area. The results of the first 
4 years’ work were published as Colorado Station Bulletin 318. 
The cost of producing crops, the reasons for variation in costs and 
the use of costs as a guide to future farming plans are discussed in 
this bulletin. 


Precipitation.—The rainfall each month and yearly totals are 
shown in Tables 1 and 2. The Greeley and Windsor records are 
not available prior to 1924. 

It is customary to rely upon rainfall during the spring months 
to give sufficient moisture to start crops. Consequently, when the 
spring rainfall is abnormal many seedings fail to germinate. The 
rainfall in April, 1925, was 0.1 inch in Fort Collins, .06 in Greeley 
and .05 at Windsor. Following that about 1 inch fell in May. The 
normal for these 2 months is 4.95 inches, while about 1 inch 
actually fell. By the time the farmers realized the situation it was 
so late that sugar beets would make a poor yield if they were irri- 
gated up, so many acres were abandoned and put into other crops. 

The rainfall by months is an example of the factors which 
farmers cannot control. In 1923 there was so much rain and snow 
in February, March and early April that all spring work was de- 
layed. The other years were about normal for spring work. 


Hail.—This section of Colorado suffers frequently from severe 
hail storms. These are usually local in nature, damaging only a 
few square miles at any one time. In 1922 one or two farms just 
starting in to keep records on this project were so severely hailed 
out that they withdrew. Other farms were hurt to a less extent. 


Note: The authors wish to express their appreciation for painstaking work per- 
formed in computing these records by the following members of the research staff of 
the Department of Economics and Sociology: Bdna Bigelow, Hthel M. Barnhart and 
Nan Paterson; also to two field men who assisted part of the time, George Knutson 
and Chas. H. Russell. The farmers who gave so freely of their time and patience in 
getting the field records deserve special mention. Without their aid this work could 
not have been done. The following had records one or more years: W. R. Bliss, R. 
Bliss, R. Clark, B. A. Colwell, O. Erickson, J. Flint, W. B. Gress, W. J. Harding, A. S. 
Harris, J. Haythorn, O. Hurick, T. Ireland, G. Johnson, J. Kaufman, HB. J. Kellogg, A. D. 
King, A. Lair, R. E. Larkin, A. A. Leafgren, S. A. Lindblad, C. Magnuson, H. Magnuson, 
C. Meyer, J. Mills, W. H. Monfort, G. BH. Nelson, J. McCullough, T. J. Nix, M. 
N. Robinson, C. H. Russell, J. Rutz, J. Thompson, J. Tinsman, G. P. Watson, R. Wil- 
son, HE. L. Wrignton. 
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A 16-ton beet crop secured by irrigating early in May, 1925. 


In 1927 a very severe hail cut a swath from one end of the area 
to the other, damaging more crops than almost any hail storm on 
record. The men in this study were not in the direct path of this 
particular storm, but several of them suffered considerable damage. 

Individual farms suffered damage from hail in other years— 
1923, 1924, 1925 and 1928. 

Some farmers can count on being hailed out every year. Sev- 
eral men in this study were hailed out three different years so that 
crop yields were noticeably reduced. Few total crop failures re- 
sulted from hail except in the case of potatoes and grain. 


Table 1.—Ten Years’ Rainfall, Fort Collins, 1919 to 1928, Inclusive? 


PRECIPITATION 
Month 1919 1920 1921 1922 1923 1924 1925 1926 1927 1928 Normal 


Agnes oop a0 0.54 0.96 0.385 019 0.51 O27 0.25 0.04 0.26 48 
Feb. ... 0.30 0.64 0.19 0.53 1.39 054 0.09 0.28 0.40 0.52 62 
MES coe aki, Oni) (SI Oey; See TRY Oi abil Ty SES La 
INS nan OCR “EX ahyal Pe) PSE) Oe) OG) ae 
May ... 04% 1.95 197 0.87% 4.46 3.90 4118 1.76 0.91 3155 2183 
June ... 0.19 0.60 3.66 1.03 623 022 1.50 158 217 273 1.60 
July... 064 0.58 140) 0180) 4.50 0:21) 1850.98 219) 0.83) i883 
Aug 2. 0.61 72) 2555 01739) 0!62" 0.05.) 4.82) 08a) e210) olGo ito 
Sept. .. 2.61 0.60 0.68 0.02 1.36 0.84 1.96 1.08 110 0.00 1.28 
Och 4,271.98 050) 0:87 OFS 3.55) (10:78) 8.26 eb Op end DONnIL1G 
NOVA ee 1-220) 0024 0.3205 lta O. 10) 0!00R OS OOIS Gunn 1 OG Mmm ammnOr4 7 
Dec. ... 0.39 0.54 0.89 0.31 0.25 0.74 1.50 0.88 0.25 0.06 0.49 
Yearly 10.92 11.65 14.83 9.98 27.57 10.64 14.50 13.56 15.77 13.54 15.03 
Percentage 

of precipi- 

tation of 

total Mar. 

to Sept. 


incl.) 64.8 78.8 81.7 66.2 80.1 75.1 58.5 78.8 82.7 74.2 78.9 
Ce a 
14Robert EH. Trimble, The Climate of Colorado, Colo. Bul. 340. 
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Table 2.—Five Years’ Rainfall, Greeley and Windsor! 


GREELEY WINDSOR 
Month 1924 1925 1926 1927 1928 1924 1925 1926 1927 1928 
TES oy eee een 21 7 iT .08 Re 15 pe tie 115 
Reman oc ae. .49 .05 125 63 115 46 01 .20 47 .03 
Mares eek 1.45 .26 85 9 1.75 54 88 30 1.83 1.84 65 
INAS Dace eon 84 06 1.03 2.384 87 .66 FOS mee 1 Glande 2 15 
May cen cu ees DEQ) 1801 97 88 2.87 3.38 98 1.88 .69 3.68 
Innes ae: 88 38.09 144 2.78 6.04 Ad eS Ome sv Omm dec SammedeTs 
Sulyees vee POb MAT Gmn Ecko ee 229078 50 217 269 2.86 .78 
PGT oy ee T 4.25 E59) e200 139 01 2.86 1.14 1.16 .38 
Sie see ae 94 .46 T 1.76 2:12 94 1.25 T 
Getter sso 1.04 3.05 1.71 .23 51 LOS oie akow 58 2.06 
Novant sae fn os: .66 55 1.50 1.05 04 43 sly 79 135 
Decwes te... ES OPO ame tel) .05 01 87 33 84 11 .05 
Vearlys a0ss<- 9.52 15.89 11.02 14.23 16.29 9.20 12.80 13.80 11.95 10.61 


1Courtesy Great Western Sugar Company. 


Irrigation 

In general, water is supplied by irrigation companies to their 
share holders about May 1. No exact date can be secured since the 
moisture conditions in the valley and storage conditions in the 
mountains affect the initial delivery of water any particular year. 
Furthermore, there are some ditch companies that have direct 
appropriations from the main river during the entire season and 
make delivery of water a few days to a week previous to May 1. 

The large ditch companies have, in addition to some direct 
appropriation from the river, storage facilities for late irrigation. 
Late irrigation, principally of row crops, begins about July 15. 
From this date on the main irrigation water supply is furnished by 
storage lakes and reservoirs which have been filled during the flood 
stage of the river. The discharge from the river varies from year to 
year and depends upon the amount of snow on the upper slopes of 
the drainage basin and upon the rapidity with which this snow 
melts. 

History of Ditches?—The Larimer and Weld ditch was in- 
corporated in 1879. Water rights call for a continuous flow of 144 
second feet thruout the season when water is available in rivers. 
Considerable land under this system is susceptible to irrigation and 
as the supply tends to be limited, the value of irrigation stock has 
therefore increased considerably. 

The carrying capacity of this ditch is 750 second feet. The 
main canal is 40 miles long. The canal is divided in to 3 sec- 
tions. The company controls only the main ditch and delivers water 
to the laterals owned and controlled by separate companies. No 
records are kept of water delivered from direct appropriations. 


2U. S. D. A. Bul. 1126, Irrigation in Northern Colorado, p. 30. 


> 
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Storage or reservoir water may be drawn when 250 rights are called 
for al delivery stops when demand drops to 200 rights. 


The Larimer County or Water Supply and Storage ditch was 
organized in 1880. The water supply direct from the river was not 
sufficient and steps were taken early in its history to construct stor- 
age facilities. In 1892 it was reorganized as the Water Supply and 
Storage Company with 600 shares. Assessments have been approxi- 
mately $150 per share for the last 20 years. Recently this was in- 
creased slightly to complete another storage reservoir. ‘The system 
includes 11 reservoirs with 4 canals tapping watersheds which are 
directed into the Poudre Valley shed. These waters are diverted 
into Chambers Lake, the present large storage reservoir. Water in 
this ditch runs continuously so long as there is water in the ditch for 
direct irrigation, that is, the flow of water is not intermittent after 
it is once determined when the water is to be turned out. The policy 
of the company has been to so gauge the flow of water during sea- 
sons by reducing the number of inches per share as to prolong the 
irrigation as climatic and seasonal conditions demand. 


Pump Irrigation.—Irrigation by pumping is relatively unim- 
portant in the Eaton and Greeley area. A few farms located west 
of Eaton and Greeley have installed wells from which irrigation 
water is pumped. The main reason why such wells are so few in 
number is the extremely high cost of digging and operating such 
wells and the risk that they may later cave with a complete loss of 
capital invested. A few wells for irrigation are found east of Eaton 
and near Galeton. In this section the water-table rises close to the 
surface and the cost of installation and operation is considerably 
less than that territory west of Eaton. 


Pump irrigation has various economic aspects which should be 
given careful consideration. Water at any time may be had for 
irrigation and several hundred dollars may be made in a given 
year by being able to irrigate at the proper time. Especially is this 
true during “ary seasons or a droughty spring. Furthermore, the 
water may be apphed or withheld from any crop at the convenience 
of the producer. It often happens that some farmer may be decided- 
ly busy with important farm operations which must be dropped for 
the time being in order to use ditch water for irrigation regardless 
of the actual “need of his crops for moisture; otherwise ac water 
is a total loss. He may not be able to secure w ee for a week or 10 


days later and during a portion of this time the crops may have 
suffered considerably. 


Irrigation Practice.—The effective use of irrigation water is one 
of the most important problems which confronts the farmers. As 
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the irrigated area tends to increase, the amount ot available water 
per acre of irrigated land tends to decrease. It is therefore im- 
portant that the farmer should have a knowledge of soil types, the 
water requirements of different crops, and finally, the proper time 
to apply water to each crop in order that the greatest yield be 
secured with the minimum amount of water. 


The time of irrigation is largely influenced by the amount of 
natural precipitation which falls and its general distribution. Well- 
distributed showers during March and April are generally sufficient 
to germinate the seed and supply soil moisture until the early part 
of May. Careful preparation of the seedbed aids in preserving the 
soul moisture and making it available for plant growth. A definite 
plan of the farm operations aids the farmer in timely cultural 
practices which serve to conserve moisture for plant nourishment. 


The application of water to crops is therefore in a sense within 
the control of the individual farmer. In another sense it is without 
his control in that the water is not available to the grower at such 
times and in such quantities as he may desire. 


The practice of the irrigation companies is to turn water 
thru their ditches only after a certain number of shares have 
been ordered. This practice has been made necessary in order to 
escape as large a loss of water as possible by evaporation and seep- 
age from the carrying canal or ditch. Therefore the availability of 
irrigation water is governed not by individual needs of any partic- 
ular grower but by a group of growers. Local showers extending 
over a relatively small area of a few miles may supply sufficient 
moisture for a week in that area and yet crops may suffer for water 
in the surrounding area, in so far as the same ditch serves the two 
areas, because sufficient shares of water are not ordered in the com- 
pany’s office. 

Influence of Soil on Irrigation Practice.—Soil type is also of 
importance. Some soils retain but a small portion of the water sup- 
plied to them. Sandy and gravelly soils are of this type. Crops on 
these soils may suffer severely unless lying under ditches that have 
early priority rights in the river. A knowledge of the distribution 
of natural precipitation in the early growing season and planting in 
accordance with the distribution and Ale general time of delivery of 
irrigation water will aid in eliminating any great and unnecessary 
risks. 

The silt and clay soils being more retentive of the water applied 
need not have as frequent irrigations as the sandy soils. It is the 
need for more frequent irrigations upon sandy soils that has been 
of prime importance in the development of pumping plants. Prac- 
tically all irrigation pumping has been developed on the lighter 
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soils. However, timeliness of plowing and other seedbed operations 
are highly important to successful farming and the distribution of 
the available supply of irrigation water thruout the season. 


Time of Irrigating Crops.—Farmers have learned by experi- 
ence when to apply water to crops to secure the greatest efficiency. 
This does not necessarily mean that all crops are irrigated at the 
proper time or at the critical period in the growth of the plant. 
What is meant is that farmers tend to irrigate those crops which 
make the best use of the water at the time it is available and at the 
same time allow for an even distribution of labor. 


As a result alfalfa is the first crop to be irrigated. The earli- 
ness of the plant, the relatively large total leaf surface and rapid 
growth of the plant necessitate early application of irrigation water. 
Following the irrigation of the alfalfa crop small grains are irri- 
gated for the first time at the jointing stage to secure the highest 
yield. Sometimes two irrigations are necessary, depending on cli- 
matic conditions. The second irrigation is generally at the filling 
stage. This irrigation may not be necessary some years for the crop 
itself but is made necessary if a succeeding stand of alfalfa is to be 
secured, the alfalfa being planted with the grain crop in the early 
spring. Too early irrigations at the germination or the filling stage 
produce a poor quality of grain. 

The irrigation of row crops, potatoes, beets and corn, as a gen- 
eral rule, begins in July and continues thruout the season at inter- 
vals of a week to 10 days apart until September. Corn is irri- 
gated twice to three times, depending on climatic conditions. Beet 
and potato irrigation occurs at frequent intervals, depending on 
climatic conditions, type of soil and practice of irrigating, whether 
alternate rows or every row is irrigated. The common belief among 
farmers is that by withholding water from the beets, forcing the 
root to penetrate deeper, larger beets and increased tonnage is 
secured. This practice is questionable as it may result in a severe 
setback to the plant. It can be generally said that in so far as yield 
of beets depends upon irrigation practice and an optimum moisture 
content of the soil, the situation is largely within the control of 
the grower. 


The first irrigation of potatoes after planting is generally at the 
time the tubers begin to set. This is largely dependent on climatic 
conditions affecting growth and date of planting. Infrequent rains 
after the tubers have set is desired by most potato growers inas- 
much as they can control irrigations and thereby increase the qual- 
ity of the tubers. A relatively dry period during the ripening stage 


{Critical period of applying irrigation water to wheat. Kezer and Robertson. 
Journal of American Society of Agronomy, Vol. 19, No. 2, Feb. 1927. 
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is desirable since too great an amount of moisture results in a second 
growth which is detrimental to a high quality of potatoes. 


Size of Farm 


Table 3 shows the average areas of each farm for the period 
studied, with the area in each important crop. Corn, cabbage and 
peas were included in the column of miscellaneous crops. In most 
cases the size of farm was constant for the period. But in several 
cases the farm area was increased. The average shown for such 
farms is somewhere between the small and the large acreages that 
existed for individual years. Farms 11 and 17 increased their acre- 
age, farm 13 both increased and decreased the acreage. 


Five farms grew no potatoes during the period of this study. 
Three of these were on heavy soil, the other two had records for only 
1 year. 

Six men grew no sugar beets, largely for personal reasons. 

The area of pasture is comparatively small. Many farmers have 
given permanent pastures serious consideration within the past few 
years since the alfalfa crop has tended toward lower yields. Some 
saving may be secured by planting 5 or 10 acres of permanent 
pasture inasmuch as the labor necessary to cut, rake, stack and 
haul alfalfa to stock kept in a dry corral is eliminated during the 
summer season. Furthermore, stock run on green pasture will not 
require the same amount of concentrates that is required on dry 
feed. Stock is also less subject to disease. 

Little information of value concerning pastures was secured by 
the end of the year 1927. The general tendency seemed to be to 
pasture too soon and too heavy. On one farm the pasture was ruined 
by overgrazing. As experience is gained, undoubtedly permanent 
pastures will occupy a larger place in the plans of farmers in this 
area. 
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Methods of Handling Factors of Cost 


Man Labor.—The costs shown represent in each case the actual 
costs of man labor on the farms growing each crop. This method 
was followed because there was no basis upon which uniform rates 
could be developed at the start of the project. 

The results on 123 total records for the period studied show 
that man labor cost 32.8 cents per hour. There was some variation 
from year to year. The highest yearly rate was in 1924 with 34.0 
cents, the lowest was in 1927 with 29.92 cents. The variation between 
individual farms was widest in 1922 when one farm had a labor cost 
of 24.8 cents per hour while another farm showed a cost of 48.25 
cents per hour. This was the highest rate on any farm any year. 


These variations in the cost per hour of labor are due to many 
causes. Some farmers were able to hire help at lower rates per 
month; some paid high wages; some farmers worked long hours; 
some failed to report all their time on miscellaneous jobs around 
the farm; some hired almost all their labor; some did most of the 
work themselves. All these things affect the labor cost per hour. By 
using a uniform rate of 32.8 cents per hour for man labor in all 
the tables shown in this study, one can quickly note the effect upon 
total cost per acre or per unit of crop. 

For the individual farmer there is a value in comparing his 
actual labor costs with the 7-year average. He can see whether 
his labor is costing more or less than is typical for the region. For 
example farm 5 had a labor cost per hour below the average each 
year for 6 years out of 7. The saving which he made amounted 
to $300 per year compared to labor at the average rate per hour or 
11.16 percent less than the average cost on all farms. Farm 
26 secured labor for $360 per year less than the average or 11.9 per- 
cent saving per year for the 7 years. 

Contrasted with these two farms, farm 13 had a labor cost of 
$432 per year higher than the average of all farms, due to the fact 
that his cost per hour of man labor was 12.46 percent higher than 
the 32.8 cents average for all farms. Farm 28 had $190 more labor 
each year than the average or 15.46 percent increased labor cost 
per hour. 

Farm 13 gets greater efficiency from labor because more time 
is spent in supervision of that labor. This becomes increasingly 
necessary as the size of plant or organization becomes greater or 
larger. Tools and machinery are kept in repair by the operator so 
that when hired men enter the field more ground is actually covered 
in a given time. 

The actual cost per hour of man labor for each year is shown in 
Table 4. By comparing this rate with the 7-year average of 32.8 
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cents, one can find the saving or loss on each farm. Where labor 
rates are higher than the average they should be compared with the 
cost per hour of horse labor and then the total cost of man and 
horse labor per acre should be studied. A farmer with high costs 
per hour of man labor but with a low cost per acre is apparently 
using his labor more effectively. 

In the case of farm 5, man labor cost 11.16 percent less per hour 
than the average on all farms. On the three crops—potatoes, sugar 
beets and alfalfa—the operator of this farm spent 7.3 percent more 
hours per acre than the average, making his actual labor cost in 
dollars just a little below average. Farm 13 had 12.46 percent more 
cost per hour of man labor than the average, but spent 19.8 percent 
less hours per acre on potatoes, sugar beets and alfalfa. The actual 
cost of labor per acre on these crops was less than the average. 
Apparently this operator used high-priced labor, but used it more 
effectively than the average. 

Farm 26 had labor costs per hour 11.9 percent below the aver- 
age. The hours per acre on potatoes, sugar beets and alfalfa were 
16.8 percent above the average. Here was a case of low-cost labor, 
but to offset that more hours were required. 
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Table 4.—Cost per Hour of Man Labor for Bach Farm Wach Year Studied 


Farm 
No. 1922 1923 1924 1925 1926 1927 1928 
BT ade eae cele wvieustemare ek $.8213 $.3080 $.3846 $.5055 $ ine Suenos Sivas 
Daeeterecar ee hire soe eal .8963 4613 -4340 .4265: aieteds ase RG 
Bs cea eiclatevele efeeiv Ss cues -2655 .2426 .8080 .3116 .3061 .8085 .3108 
WS teense ain elev Grails ws 60s 31TT 3441 .3490 3500 
fe Ease RR nC Brera 4065 38867 soon 
Wemiater Plein ics he alice ial cia © a16 Saieie 4100 2810 
By eres v<siferalaverss obbyapeis: a0 .2480 iets siaere Ee eue 
iD Seestcreem ie ataicie etecane res 8581 38056 .38074 3682 3361 
Hegene deere ehebcre ecto el oNe..s tar evis 3303 3204 .3520 .38809 3360 sserene A esate 
aS Pevate ta nice eteucue te eae acets 4825 4015 .8618 8591 +3180 .2982 8423 
AH eNeexctotosisieierareyer sare). 2934 .3513 4260 
pe ctats < citeiko Sore ensue oie sie 3673 .8129 3300 
LAV ies yee tne ORY REIS 3515 2726 Bere atatene Aare 
ESR peretetet Aoanaianehe a salenei<! s) eva $153: 2963 .8054 3540 4155 
1 Se A ara cay eMC Tg he 2892 .2882 Cie ads 
BO eerie cum, oan aloisie a sends 3461 .3446 3240 
Pe are Seeder woete yw andak eo 2495 2429 : 
AAS eakass opal esetgs Wsvaveioue x 4392 3076 Shore Sieints busts 
Diverter nis teaeyaie tos overeat sya a8 .3193 .8455 .38056 8537 .8811 Sone ai sais 
DEN arenas lop euciairey snes. 2930 .3164 .2611 .8165 .38227 .2358 .2729 
2A (Eas ene eer CN TORE .2549 .2466 .2831 .2739 .2764 .2404 ere 
DOE ata ta antsy 23.5! Bia Sis) 3. evaw-8 .8809 .4104 .3906 .38699 .3660 woe! .38563 
ects as dgs ae Baka 5 GS .3810 3747 .3687 .38846 4470 
SG iS 1s ea ee eee eee Rigieke .8179 .2563 .38110 
Sp ret ote rok ear Sral ar tains, (05s neue te Benes .38996 Sortie Motes raiatt 
See Pe reeet ots cea ahccbeys (e5y'o tasle\e (o:/9 adie oatys -8621 .2491 .2987 .2964 
SYA tee tre cso tante:tes-oaifet a's bai's)0).6 scorers RORAC .3936 .2552 -2810 .2868 
Ra rence sts iere lee ayahenecs 60s s sts be slew Shecsae 8587 .8820 
BBS << ec) pine wists eis bie Shel ever Sete Rarelts .3442 ASS aSeh siscsps 
Stee oil a ade? Steviavesfote, Si.0;0° 6" Ses ae Nickar .3878 .8450 .3578 Berl 
AV ee rye States chats asus eve, Shove stonsice atisrets see -2765 .38220 Sere eae 
Ns Cer oh RCE ORR an ore areas eae .38146 .2150 Rolain .8092 
I ae ey oe 6 eile; sets At een 55 Bef Anion .8350 woos .2295 
Men vs ee elaie'si = oi ae, p eters eae waive Seas misvane .8580 Ravers 
7 ee PS ete ACG aaa Arcteke Sats .8106 
Yearly Average ....... 73251 .3240 .3406 OOLT 8aTT .2992 +0113 


The farmers worked about 3,000 hours per man per year as 
shown by Table 5. A few men who did not feed livestock in the 
winter months worked less hours each. Practically all the men who 
made good profits worked long hours. Three thousand hours is 
equivalent to 25 days per month at 10 hours per day, or 300 days 
in a year. Few industries can show as high or uniform a labor 
record for their working force. This is one of the items that causes 
farmers to compare their business with industry, and ask why 
industry should pay better wages. 


. 
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Table 5.—Hours Worked Per Man Per Year 


Farm 
No. 1922 1923 1924 1925 1926 
AL Pate aictet on casa: aval memnttetcehs 3516 3929 3528 2504 
ID raivapeel(e, oSYCeye, fouelse\ oi eiip ou.sse isis 2436 2383 2387 2160 seer 
Een iets mates <1 eveiieislceusiisiereiekehele 3153 38095 3556 3326 3355 
Greate cerita si oawes sorevetere ts 2234 2456 2521 
Fiebre CIOS OOO ROT OrOOONONO 2208 Sierons sie Mer ske 
SLT Ropek ave dai kets docekore olensheneinel 38034 3407 BD ia is) 3110 3794 
MD Nas eie Ge «abel leustateyereileiene 3343 3268 3322 3214 3143 
DS ators tat eters corse opens ols rastexe rekote 2536 3021 2977 2893 3160 
LAV Sencreger er tecorececs cheletegehen stars 3463 2732 
EL Oicratewstohoteleisteusubhierstouevens avons 3159 3333 
it Oisgerenanenehecerickel soekeherene aversteps 2434 etonete teas 
LNCAP Oar Oona OnCKE RAT GReNORD oss Pee ncoe 3092 3277 3388 3286 2985 
EL Sieweuelsvedeltereteveronarerewoystecsenene 38755 Nene aeeeue 
DA Vo one croio 41 SOROS cache CRE 38019 8075 3282 
Dhl Bes Geer ondi tro CIO DK OND BATTS 3622 
Se tok BELLAS Ooh CORO ben DIU 2696 Satie mets 
DO persratel si stciiete tots restahetetavelene 3305 3074 3130 2959 2886 
OA BiG OOO 6 ae oreo a 3227 3382 3632 3309 3126 
DT Eeiel scien sasteneign etn seenerorsnanes 3931 3498 3678 3643 4097 
WeFOy sibs euCRC CIC A UL CLOMEA RT Thee LORETO 2482 2413 2426 1521 2489 
PX seco ct PHENOLS Chie, Ruch LAL OMG 2468 2620 2200 2538 2765 
CH be cvoute Dros eid AiG TONG Die she 3393 2760 3190 
Pe PERE REL CeO NNONG CINCO teen 2641 eas 
Homo DOd OU MOSH OO OOO 3575 3743 3396 
Ste no O CO HNIC Ow She ond 8227 O80 3263 
eda eis) oleh dues «isa. ested sicecoussttan exe teas 3057 3190 
BG cnereys cashensh ctlemenctehe reteletonerels 2174 
Bisinia Gs O0 O00. OGD OGaOD 3647 3128 
Beco OBO eee Oo Goo oO armc ad 2874 4661 
AOS 6 coy CaOwe Crouerd GO Oud Zier 31387 3445 
Ai oiersPe a ieraiaroueliensvarsterecsieus 3407 
6 Bie dla outo-o 0 DIO DROS ad 3252 
Average per farm....... 3005 8082 3090 2947 3302 


Horse Labor.—The method of handling the cost of horse labor 
was the same as for man labor. The 7-year average on 123 
records shows that an hour of horse labor cost 14.05 cents. The year 
1925 had the highest rate of 15.36 cents and 1927 had the lowest of 
11.99 cents. In 1922 the range in cost on individual farms was from 
7.63 cents to 29.46 cents. 

To a considerable extent this variation is due to the number 
of hours worked per horse. For the same four farms discussed 
under man labor, a 7-year average shows the following results: 


Table 6.—Relation of Hours Worked Per Horse on 4 Farms to Cost Per Hour 


a 
Hours Percent saving Percent extra cost 
worked Cost in horse labor of horse labor 
Farm per per compared to compared to 
No. horse hour average average 
HL Sh eepeenaushekeiieca sav ane Deal $.1143 18.84 
Bo OOOO OOO aC 982 1279 9.19 B00 
2) (Siawerstal afansliatictsss)ie)/6 735 -1869 HOO 32.75 
PAO G.COICCOIG OD OO 493 .2130 ere 51.30 
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Farm 13 saved $363 per year on horse labor when compared to 
average costs. Farm 5 saved $116 pcr year. Farm 26 had $357 
greater cost of horse labor per year compared to the average while 
farm 28 had $203 extra horse cost. Table 7 shows the cost per hour 
of horse labor on each farm each year. 


Table 7.—Cost Per Hour for Horse Labor for Each Farm Each Year Studied 


Farm 
No. 1922 1923 1924 1925 1926 1927 1928 
LE Sot 5c: eis A ee $.1492 $.2378 $.2408 $.2414 Sain Dincotens $. 
Bite pelaig a) sans nia, sities assis, SOUS -1996 -2523 .2451 sage Sfetes eieane 
Di cestehsiel's eile. sis is /eteitenereie oa .1848 1434 1259 qllalirey’ 11438 .1182 1475 
Geman cc wehicw es sagen wektZ 1747 .1690 .1455 
Mea rabai notte iacatina eset sts Te ay" oe 2946 .1835 apa Ae O 
Blawkalatele sivirensontois)allaver-<) ee Sef .2041 Sout .0902 
SPeteme ietah oer shacahaliajecshecane's.% 1743 setts Slates Eistcttey = arnt 
EAP a yes) ciel cere wheats ehe es 1224 1155 51223 .2234 1140 
Meee sot mine a. 0)s) Sie, ©) Sil Sisrate .0996 .1126 .096 1284 .1249 Cac’ areiege 
Wek ohne ataeictsceiiets 3.0 of auerera -1922 .0965 1454 .1160 .1029 -1050 0837 
Sintec: pe eae oe Pee ise 8 0763 .1064 0976 Fo reins Steir ainteus! 
TEC OER nS PRCRC-ORO ar .1208 1292 1187 sooo Seow awte eiersie 
UAL AG 3 Fine aie MCI A211 -1397 oietene Betices Gitat ts 
ET cmera neh et oN orens sts var (915 elise .1090 -1013 .1330 .1405 -1091 
“Vk? Sy A A cit ono SI .1466 .1578 ats: 
NM fete i Shine mis at ss atetae be .1452 1007 .1280 
wVi lhe 0 = Sptinamac Morac Carte 1286 1424 
PEE Bao np COON gC ERR OIC .2422 .1356 ments erate =eeicac. 
DV chats ha taicapia%s eho! ois) 51's 1389 .1396 .1398 .1581 1433 g5.0.5 Sai 
Beer airatte Ceciate te (oreisieils stone aia 1562 1681 lira lat 1807 -2060 1971 .2703 
ah Re acne aves niie a's: 5: vee) 2 OD 1716 -2075 -2145 1471 .0920 suena 
et Hiaielaccki oN Sip tone 65.8 1789 .2254 -2446 .2631 Nyy iy .1990 .2100 
Pah a cen SAW eC HIG .1820 2119 .2282 .2104 1TT5 00 Pope 
Pi NRT a alotayovclaxcialls/lais teiisiis SNohahs aoa 1512 .1540 .1380 
Reem M eral he ieee: isis) 6: stays as ae eters .1400 SP aoe atenre . 
"5,2, Ba a sO MC ROIERC AC ROA IORG rr saatete .2260 1531 -1316 .1432 
Seed, Cp SED CIO CHEN CUOION DORCNC aieaces stanes .1249 1778 .1352 L738s 
rts Pat sleess Sipheve cls) oes Min ne Raced 1940 1574 ox 
ee Menaie ial ere clsiece sha ace sice ape aitates eee .2350 are CARO seein 
AOS oxede alates atatate ay a5 608 SRR AAE oO .1210 .1610 .1086 .0990 
Soe) Rete oe stat imeusrone is, 6/6 aiatere Sea ae .1997 .2267 Pepane Geadess 
ENS 3 Teme ee Ee ae a pti s Sides .1240 1162: .09384 291 
eee ae Mat onal tot ehe ora sie a)o(.5 gions Pinna SNA seaexs .1765 283 1720 
eile hots. 5 ae aio 6 “eid (avn aeuce a Larite penne Deak -1500 PACES Siete 
cy ee ge eC OES ae age eerens AORIe apekeke iy oS .0942 


One of the things that seems to affect the cost of horse labor is 
the use of a tractor. Several men included in this study purchased 
a tractor during the years 1924 to 1927. 

In 1923 farm 17 secured 1406 hours work from each horse at 
a cost of 10.13 cents per hour. In 1924 the operator of this farm had 
a tractor. His horses in 1924 worked 1371 hours each at a cost of 
13.3 cents per hour. In 1925 the horses worked 1335 hours each at a 
cost of 14.05 per hour. This farmer had a high standard of use 
of horses. The average on all farms showed 874 hours worked per 
horse in 1923. Farm 17 had 1406. In 1924 the average was 962. 
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Farm 17 had 1371. In this case the hours per horse were slightly 
reduced and the cost per hour slightly increased after the tractor 
was purchased. 

Compare this with farm 26. In 1926 and 1927 farm 26 secured 
about 650 hours of work per horse at a cost of about 20 cents per 
hour. In the year 1928 the operator of this farm had a tractor. He 
worked his horses only 588 hours each and it cost him 27 cents per 
horse hour. Here was a case where the horses had not been used as 
much as normal. Then a tractor was purchased and the horses 
remained idle, running up a big feed bill while the tractor was doing 
the work. Any saving that this farmer might have made by using 
the tractor was more than lost by the heavy cost of keeping idle 
horses. 

Farm 17 operates approximately 223 acres of land with 5 horses 
and a tractor. The operator of this farm plants about as many row 
crops proportionately as the operator of farm 26 who has 10 horses 
and a tractor. Farm 17 follows a cropping program that necessitates 
more plowing than farm 26. The operator of farm 26 has potatoes 
in his rotation and need not plow for beets. Therefore farm 26 does 
not need a tractor. In addition, this farm is overstocked with horses. 
The cost of horse labor each year was as follows: 


Table 8.—Cost of Horse Labor by Years 


Horses Hours Cost Cost 
Number per worked per per 

Year farms farm per horse hour horse 
LOD Qradern\s omen eemectaralg ies auetene 2% 8.2 807 $.14388 $116.20 
LD DS arrovetereerene onversterecer shane 3 8.2 874 -1338 117.02 
aes scecate eeenaisheuenonecchereers 20 8.8 962 .1465 140.90 
ODD seoncycvebsneooveuscsns ssa ery bees 22; 8.4 912 .1535 140.07 
LO PA Sivas cee cee ME RCRCE Cec ees 19 8.8 1077 SL St 148.31 
AO irae saeuse Poreee stay Maltene eneerere all 8.7 935 L199 112.13 
UO ZS ictenchenera ese ernohenocen terns 7 9.0 857 1355 114.92 
Weighted average ....... 123 8.7 921 $.1405 $129.39 


The most important method of reducing the cost per hour of 
horse labor seems to be that of keeping the horses at work. Idle 
horses cost money. The feed that they consume can be used to a 
better purpose for cattle or sheep. If there is not enough work to 
keep them busy it is possible by a little planning to do the work 
with one or two less horses. The relation between hours worked per 
horse and costs is shown by the following comparison made for the 
first 6 years of the study. 
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Table 9.—Relation of Hours Per Horse to Horse Costs 


Hours worked 
__per horse _ eotkeds mening pee a 
from to per horse farms hour horse 
Oe) OOO ec osrave cree si neoajreyous 446 16 $.1835 $ 81.78 
ey Fae erate or Rete win Sic steve $ 612 19 .1675 102.61 
RS OO zs siaelei si acatste es Suess 795 26 .1364 108.44 
OT DOO soe dois. ties oie tios 5 Satu 1010 23 1228 124.04 
PLOT TANG OVER oceanic ro ss eds esa ave 1298 35 LOTS 139.16 


The cost of keeping a horse a year increased as he was worked 
harder, but not as fast in proportion. Horses in the last group 
worked 1298 hours each or nearly three times as much as those in the 
first group. The cost per horse increased about $58 or 70 percent, 
but the cost per hour was nearly 8 cents less or a decrease of over 41 
percent. 


Equipment Costs.—The equipment costs in this study have been 
prorated to each crop on the basis of the number of hours of horse 
labor spent on that crop. The average cost of equipment per hour 
for the period studied figured in this way was 6.22 cents. Com- 
paring this with the cost of horse labor per hour (14.05 cents) it 
shows that equipment costs were about 44 percent as much as horse- 
labor costs. 

For the year 1926 some of the most common machines were 
studied separately to find the costs for each machine. The averages 
for all farms for 1926 are shown in the following table. The out- 
standing thing about this is the small number of hours that any one 
machine was actually used. Wagons were used 342 hours each per 
year; beet pullers, 171 hours; plows, 155; while grain binders were 
used only 44 hours. Many farms had more than one machine. 
From 30 to 40 acres seemed to be about the limit of area for one 
machine. Potato diggers cost nearly $1 per acre. Harrows cost only 
6 cents. Grain binders cost the most per hour used, 37.95 cents. 
Wagons cost the least, 6.14 cents. 

These costs per hour might be used as a guide to the rental 
value of machinery. On the basis of a 10-hour day grain drills cost 
$2.80; grain binders, $3.80; and wagons, 61 cents. 

The investment in machinery on these farms was between $1200 
and $1400. The total annual cost of operating machinery was $431 
per year per farm or over one-third as much as the value of 
machinery. 
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Table 10.—The Cost and Use of Farm Machinery in 1926 on Weld County 
Irrigated Farms 


Cost 

Acres “Per ‘Per acre_ 

Hours used per hour once over 
Machine per mach. machine cents cents 
1241 ag RCPS RRO ots ClO oIenD OOS aioe ilps) 38.8 11.38 45.52 
LEER! Copp ooo MOON bOnomtomn eeu 56 40.7 10.72 6.00 
Ghumbin colt Aigner nunca eo OOOO O00 53 52.3 28.04 28.60 
JOO PERNT. Sob oo ano creado m0 oO 58 31.4 25.60 47.10 
Sugar-peeb PLAMCera cece syedaletvisisre inert ers 48 49.5 33.16 32.50 
Sugar-beetscul bivatOr i. cece icln shares 148 36.6 16.20 1307T 
Potatonculcivator youwsicn ener eerener snore 118 26.7 7.61 11.49 
MMOs wittameepey ooreuetctecete econ ooaieehaie semen esuene 74 25.8 20.60 19.98 
ER BIG agra casroy aside in tay esiNO eameuis CO wunlsensie oko eususbens 25 14.6 34.69 20.12 
BINGO Wiavranceyenvehensfeteceiotelen= eles che euevenenene dt 43.4 37.95 58.06 
Potato digeer ic <5. 6 acer evar cvevevs acsdovoncievers 91 31.5 33.87 98.22 
Sugar-peete pwilleriycracteicismrorsresevens etext liza 40.5 11.02 46.61 


Wagons “eeneess wee nae on cropl 349 total 6.14 


Threshing Costs.—Custom rates for threshing varied in the area 
according to the amount of help furnished with the threshing crew. 
Where the farmer did his own hauling of grain to the thresher the 
most common charge was 6 cents per bushel on barley and oats, and 
8 cents on wheat. Where the hauling was done by the threshing 
crew the customary rate was 10 cents per bushel on barley and oats, 
and 12 cents on wheat. 


A small cooperative threshing machine. 


A 5-year average on two farms that were part owners of a 
neighborhood thresher showed that it cost them 10 cents per 100 
pounds to thresh all grain. This includes interest and depreciation 
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on the investment in the threshing rig. With usual weights per 
bushel that are common for machine measure, namely, 40 pounds 
for oats, 50 for barley, and 60 for wheat, this gives a cost of 4 cents 
per bushel of oats, 5 cents per bushel of barley and 6 cents per bushel 
of wheat. These costs are somewhat less than custom rates where 
farmers do their own hauling. However, no charge for the men 
operating the rig is included in this charge. The wages of two men 
per day for tending the machine would raise these rates, so that 
there would be very little real saving other than the convenience of 
threshing when ready. 


Tractor Costs.—Tractor operation and charges were kept sepa- 
rate from farm machinery. Twenty-two records scattered thru 
the years showed that each tractor was used an average of 267 hours 
per year at a cost of practically $1 per hour. This includes cash 
costs, depreciation and interest. In 1924 three men used their trac- 
tors 353 hours each at a cost of 69 cents per hour. In 1927 two men 
used their tractors 181 hours each at a cost of $2.50 per hour. De- 
preciation and interest count up fast on an idle tractor, just as the 
feed bill counts up on an idle horse. 


Irrigation or Water Tax.—The charge for the use of irrigation 
water was distributed on the basis of the area irrigated once. If 
potatoes or beets were irrigated five times, they received five times 
as large a charge per acre as did barley that was irrigated once. 
Early and late water were not separated in making this charge, as 
it was practically impossible to keep reservoir and river water 
charges separate, often with both kinds of water coming thru 
the ditch at the same time. Consequently the water charges shown 
on these farms are somewhat less for late crops such as potatoes 
and beets, than would be the case if they stood the entire cost of 
reservoir water. The total cost of water per farm was highest in 
1925, amounting to $339, and lowest in 1923, being only $187. This 
coincides with the weather records which show 1923 to be the wettest 
and 1925 the driest year included in the study. In 1926, which was 
considered by many to be about ideal for crop growth, the irriga- 
tion cost per farm was $311, or 57 cents per acre for one irrigation. 


Building Charge.—The use of buildings was distributed on the 
basis of the value of buildings used by each class of livestock or 
crop. The residence furnished to beet workers was charged to sugar 
beets; potato cellars to potatoes, etc. The total annual cost of build- 
ings per farm was usually between $300 and $500. Individual farms 
varied from this figure due to size of farm or amount of buildings. 
On the whole these farms were well equipped with buildings. 


Overhead Costs.—In checking over the records on these farms 
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every effort was made to charge labor and expenses directly to the 
part of the farm business that used them. But there were some items 
that could not be disposed of that way, or if they were, they resulted 
in a charge to an unproductive part of the farm business. Labor 
was used repairing fences, making roadways, or cleaning along 
ditches and fences; cash was spent for telephone and electric hight 
charges, association dues and items for general farm repair; the 
auto or truck was used for general farm work. These and similar 
items represent what is called overhead. 


These overhead charges have been distributed to the crops and 
livestock on the basis of the hours of man labor used by the differ- 
ent enterprises. This method was used because of the ease of check- 
ing, because man labor was involved to a large extent in the charges 
themselves, and because it is one of the methods used for distribut- 
ing such charges in industry. Any method of distributing over- 
head is arbitrary and open to some criticism; consequently the 
effort was made to select a base that could be used by any farmer 
wishing to compare his own farm with the average shown in this 
study. 2 Ha 

The average overhead per farm and per hour spent on produc- 
tive enterprises is shown in the following table: 


Table 11.—Overhead Charge Per Farm and Per Man Hour 


Total overhead Overhead charged 
Year charged per man hour 
LOD 2 Mere renctcarasy sespeeran aneraecareeete oncdenotuene saaciee ahem eneteteas $386.67 $.0820 
LO DSisnckssee rehe GUee a oi ts OT TOP OMe eae Seer She SR STO 434.12 .0822 
AS PAE: See carte acces CaP SER SRR Seer PACE Oar MPa RCESE RR CHL RCE OR Tey ON IGN 500.40 .0842 
1S PLY Gee CR COOICE CRC CRC Aye SINC] oF PERCE ree AGN ae 541.75 0955 
LO 2G spaveuaie nts chicane ister cnet asvewern slatoncteravetenase oe hair as eae 718.36 .1074 
NO Oise shaisecun ciate Gusher Catiahek Moon Neuer ato Sc ee co a atone 632.42 .1209 
1 REP R CI he Heros: CRO e MORO CAT COTOEROICS CORTE Ane Re 732.28 .1364 


At the outset it was thought that the amount of overhead would 
decrease as the study progressed. Actually it increased. The reason 
apparently was that more and more detail was secured as the men 
became familiar with the work, consequently the items of general 
farm expense were more accurately reported the last years than at 
first. Also more trucks and autos were used for general use as the 
years went past. The significant thing is that these overhead items 
amounted to about one-third as much as the regular labor cost on 
these farms. 


Manure Charge.—The charge for the use of manure was dis- 
tributed to each crop on the basis of the amount of fertility removed. 
The value of man and horse labor spreading manure, the use of the 
manure spreader, and the value of the manure, usually estimated 
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as $1 per ton, all were added to find the total manure charge for 
each farm. 

The yield of each crop was reduced to tons. For each crop a 
figure was used’ that reflected the relative amount of fertility re- 
quired in its production. This was based on a table prepared by the 
United States Department of Agriculture showing the relative use 
of fertility per ton by the important crops. By this method the 
entire manure charge was distributed each year, and none of it was 
held over as a deferred charge for the following crops. 

The effect of farm manure is seen 1n crop yields over a period 
of years. A farm using farm manure consistently shows an increase 
in crop yields over a period of years. Practically all farmers in this 
section rotate their crops, if not by a definite area each year, at least 
according to a general plan of following alfalfa by potatoes, then 
by sugar beets, then by grain seeded back into alfalfa. Manure is 
quite generally applied to the sugar beets direct or to the potatoes. 
Other crops coming after these crops benefit from the residue left 
in the soil. All the hours of labor and other costs of applying 
manure are distributed as stated above. This reduced the hours that 
farmers might show for crops where they have made direct appli- 
cation to some one crop. The actual time spent per acre manuring 
each crop is shown in Table 38 in connection with the discussion of 
labor by operations. 


Cash Costs.—All the items of cost as used in this study were 
based on cash out-of-pocket cost plus calculated items. The labor 
of the operator and his family was charged at current rates for 
labor. Horse costs include home-grown feeds at their farm value, 
also interest on investment and a credit for manure. Depreciation 
and interest were figured on buildings, machinery, etc. Interest on 
land was shown separately in each case, but interest on horses, 
equipment, tractor or truck was included in the charge for these 
items. 

A study of the results will show many cases where crops were 
produced at a loss, yet farmers continued to grow the crop. There 
are several reasons why they do not abandon crops under such cir- 
cumstances. They may hope for better yields or prices next year. 
They may know the reason for loss and plan to avoid it next year. 
It may be due to weather conditions that are abnormal. But in 
addition to these there is the point which some believe is most 
important of all, namely, that farmers consider cash out-of-pocket 
costs when they decide whether to keep producing or to quit. Cash 
costs are not the total. Depreciation must be met if the farmer is 


1For potatoes, sugar beets and root crops this figure was 1; for alfalfa hay, peas 
and beans it was 2; and for field corn and small grains it was 6. 
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to remain in business. He must get paid for his own time if he 
plans to meet his grocery bills. He should allow for interest on his 
investment before he decides that a crop is profitable. 

Just what is the relationship between total costs and actual cash 
out-of-pocket expenses? In an endeavor to answer this question the 
records for the year 1926 were analyzed in detail. This year was 
selected as coming nearest to a normal year. Results based on this 
year might be used as a guide in noting the relationship that should 
exist. Abnormal conditions largely speak for themselves. 

For the year 1926 the percentage of each item of cost that was 
cash out-of-pocket expense is shown in the following table as an 
average for all farms that year. Taxes and irrigation water are all 
cash. 

Table 12.—Relation of Cash to All Expenses for 1926 


Cash as a percentage 


Item of total cost 
pet. % 
TAK OSH sredusiersiss atolavatie: ec Geis sche eis e lee cheers alerthomeryerts 100.0 
Treigsatlome waters wicvccieveieosie: ove: velevela uns eis ep eb ebeumrete amelete 100.0 
OVverne ad: ix, Bem ctecereyelenateeustece. siexctercrs seer leer cater tei 51.4 
FTN UC ee. set scone, asi vie wuts eile seuisi.s es isisteaey osc seus a ier -ap rey or eu avayans 44.9 
QUT MOE era ha tener cpies o retlen ous: ours tev-er's fayerelralte felel outa sone aie uere rere 43.4 
FT ACCO RI ra Aictan ome, lareuel casiedn etensiare tntatntetereiese sch sueens/ te ocee talc toke 43.2 
Mian Mar be sicisscqenctsctesuere, Sveile: asec, ete ienene forename dt enciey cerage 42.3 
ROT Se Tab Or ee i iercc ocadsues se oy ouene forsiyonelsa vo sskaaviteyaieteqeeusvevere concrete 19.8 
Billdin etenar cee cvsrccateve onsicistscerskencssuetsleiekonene enerana sans 19.3 
Miami Pas sinain stake nea ectotenenoneieke eneaeishercia smeneiouess fave aiaiererens 1252 


Overhead is the only other item for which cash is over 50 per- 
cent of the total expense. With man labor cash was 42.3 percent of 
the total expense. With horse labor it was only 19.8 percent. 

By applying these detailed percentages to each item of expense, 
the cash cost of producing each crop in 1926 in relation to total 
costs was as follows: 


Table 15.—Proportion of Crop Costs That Were Cash in 1926 


Cash costs as a percentage of— 


Operating Total 
Crop cost cost 
pet. pet. 
AJP ATES Sieve. eaci dr sonein aout honelherciorensto caches teers 50.4 31.9 
Barley Servant noeake CRC esseee eRe ee 54.6 Sila 
A AUINCE MiaMCNE ee ccna ane to Aiea moter cden DI Oe oiteic 55.8 Si.3 
AUS S sxc ck stclicver chart hen tre Ckatenete nN roe tere ee maa 56.2 Me 
SULAT SE DCCESHH, Sera srmicrarn ewe ieee 638.4 53.0 
POCRCOCS ny cratelecters ieee sohotal en oles aaete eo arenes 42.7 36.7 
BOGNS| a orvlsce mosis Meadccntie woe oer Ree 56.9 41.6 
Corniforserain space mere 43.6 33.6 


Sixty-three and four-tenths percent of the operating costs on 
sugar beets was cash. Only 42.7 percent of the operating costs on 


September, 1929 — Costs on Irricatrep Farms 23 


potatoes was cash. The lower percentage shown for total costs is 
on the assumption that interest on the investment in land shown as 
a cost is all computed. As a matter of fact most farmers pay in- 
terest on mortgages. <A correction for this should be made in the 
ease of a farmer in debt. The actual cash and non-cash items of 
cost for each crop for the year 1926 were as follows: 


Table 14.—Cash and Non-cash Costs Per Acre 1926 
Non-cash 
Operating costs interest Value of crops 

Crop Cash Non-ceash on land per acre 
PELE Cesar Eau oa Sots dene coher eke $10.64 $10.44 $12.23 $20.53 
EYSUDECH MSE Pata se oral crete 00s skee.o erences 14.12 als lerA0) 12.20 25.45 
RW ESE Bre Peto: ne to crop eres aie aja ere tats ts 17.39 13.70 15.45 48.35 
NODERES cera steal ces ere She alae aderal dre 14.11 10.95 12.76 33.36 
SOPaY GDEBES.. aro aera casi, ev sree ee cue 51.36 31.22 13.42 148.08 
POLBROGS gerecie, «x 1o. un aysiu <iepsoe ores 386.88 49.46 14.11 136.78 
IEA Ste arcrere ae analatestiaoeove wres.% 21.99 16.66 14.26 46.90 
(COUT gaa WR, SiR airs Seer pee rae 16.13 20.88 10.75 39.60 


When one considers the first column of cash operating costs 
it is apparent that a farmer must have secured rather poor yields 
or low prices before his income per acre fell below the cash cost 
per acre. The value per acre of each crop for 1926 is shown in the 
last column. Not a crop in the list but shows a good balance above 
actual cash expenses. This was a year of good yields and fair prices. 

Instead of laying too much emphasis upon these cash items, 
farmers would do well to consider the total of cash and non-cash 
before deciding as to the profitableness of any one crop. 


Cost of Producing Crops 


Costs were worked out on all crops grown on these farms. 
Some crops were grown on all farms, some on a majority of the 
farms, while scattered crops were grown on only one or two farms. 
The important crops for this region were alfalfa, potatoes, sugar 
beets, barley, wheat, oats and beans. Crops: that were grown to a 
much less extent were corn for grain, silage corn, pastured corn, 
cabbage, peas, sudan and cane, onions and popcorn. The results 
on these minor crops are far from conclusive. Especially is this 
true for grain corn. In practically no instance was grain corn 
grown as a major important crop on these farms. It was usually 
planted as a filler and given scant consideration. 

At the other extreme, sugar beets on these farms received first 
place in attention and care. The soil was adapted to methods which 
reduced the time required per acre for handling sugar beets, and 
the general care given the crop resulted in average yields consider- 
ably in excess of the averages for Northern Colorado. 
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In the case of the important crops, the number of farms re- 
porting the crop varied so from year to year that it seemed best 
to show the average of all years as an average of each yearly figure. 
In all cases the acre costs are based upon the harvested acreage. 
Some years a large acreage of failure causes the cost per acre that 
year to be excessive, yet it represents the risks for that particular 
crop. 

The total cost of labor is shown in the tables for each crop. For 
the time spent on each operation see Table 38. 


Potatoes.—Table 15 gives the area, production, hours of labor 
and costs per acre for potatoes on farms where records are avail- 
able for 4 or more years. Farms 12 and 13 had the lowest costs 
per acre for the period studied. Farms 25 and 11 had the highest 
yields. Both these farms are favored with level, productive land, 
kept in high fertility by frequent apphcations of manure. 


Planting potatoes on well-prepared alfalfa ground. 


The higher yields of potatoes secured on farms 11 and 25 were 
mainly due to more care in seed selection, adherence to a more strict 
rotation, and character of soil. The soil on these two farms was 
of a more sandy nature than that on many of the other farms. 
Disease was not so prevalent on these two farms, mainly due to 
the fact that potatoes very seldom were planted after potatoes, but 
followed alfalfa or a cultivated crop such as beans; the ground 
planted to beans having been out of potatoes at least 3 years. 

Farm 12 secured a relatively cheap cost as a result of the use 
of labor on the crop. All necessary work was performed at the 
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proper time, climatic conditions permitting. AJl unnecessary work 
was eliminated. Crop rotation was adhered to as a general policy, 
modified according to the farmer’s judgment. Potatoes might follow 
potatoes 2 years in succession if the price outlook was favorable. 


Table 15.—Summary of Potato Production on Farms with 4 or More Years Record 


Yield 
Farm Number Area Yield accounted Hours per acre Per acre costs 
No. years harvested per acre for Man Horse Operating Total 
Lbs. Lbs. 

5 6 32.53 11,959 10,469 58.55 85.06 $75.42 $92.57 
11 5 26.40 12,888 9,889 58.01 75.32 73.85 94,24 
12 5 80.34 12,091 9,933 45.25 83.56 67.05 78.86 
13 6 58.53 9,049 6,860 36.10 66.051 67.85 82.31 
25 5 20.27 15,622 13,000 65.20 98.07 83.41 97,12 
26 6 23.94 11,136 8,463 72.50 88.40 81.68 98.72 
28 6 20.12 9,927 7,828 63.00 67.70 77.30 94.34 
29 5 24.79 11,165 9,542 61.00 66.50 90.87 107.95 


iThis farm also had an average of 2.67 hours tractor labor per acre. 


Farm 13 reduced the labor requirements on potatoes by the pur- 
chase of a power sorter. In addition, a tractor was used for plowing 
and a truck for marketing the potatoes, which aided in reducing 
the hours per acre required for the crop. Farm 13 showed the low- 
est average yleld per acre of all farms. The yields on this farm 


Harvesting potatoes in Greeley area. 


varied from 12,000 pounds to 4,875 pounds per acre, the latter occur- 
ring in 1926 when germination was poor and growth stunted even 
tho the soil preparation had been excellent. The fear of a repe- 
tition of another dry year such as 1925 resulted in irrigating pota- 
toes before planting, and this apparently caused the seed to rot and 
resulted in a poor yield. 
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The average results each year in producing potatoes are shown 
in Table 16. The number of farms growing potatoes varied from 
21 in 1922 to 8 in 1927. For the year 1928 the final sales in the 
spring of 1929 were not completed in time to include the results 
in this study. In all 89 records are available. The average for the 
6 years shows what could be expected on a farm that grew pota- 
toes each year under the conditions that were found in this study. 


Table 16.—Average Yearly Cost Per Acre of Producing Potatoes, 1922 to 1927 


Yearly 
1922 1923 1924 1925 1926 1927 average 
Number of farms ....... 21 20 14 13 13 8 etctete 
Acres in crop harvested.. 31.09 26.61 26.66 iaxilarayyt 31.48 PAPAL 28.91 
Wield per acre, lbsis..... LOj38lL 11774 13.071 11,619 9,868 12,120 11,461 
Accounted for per acre... 7,826 9,235 11,445 9,528 8,443 9,370 9,308 
Waste per acre, Ibs....... 2,485 2,539 1,626 2,091 1,425. 2,750 2,153 
Seed per acre, lIbs....... 788 842 816 830 864 894 39 
Man hours per acre...... 50.79 53.21 49.3 57.20 53.2 56.95 53.44 
Horse hours per acre.... 82.16 81.44 82.09 79.40 76.95 84.57 81.10 
Tractor hours per acre... 50 50 .62 43 52 22 46 
Costs per acre: 
WEN: TEINS? sosatoncaos $17.14 $17.42 $16.69 $20.11 $18.15 $17.87 $17.89 
Elorses labor in erie 12.00 11.24 12.20 11.70 10.78 9.94 al sSa: 
Hand sicontracty pcre 5.02 7.20 8.38 9.00 7.21 8.00 T.47 
Elauecomtnacternrncecne .86 58 56 de3s 48 2, 58 
ISGCYs ean Ao pee cucmo ener cen 8.17 G27 8.83 7.16 22.64 16.28 11.56 
IMIATUTE> eh eechs sone eeeoross 2.62 2.02 3.42 5.05 3.07 2.92 3.18 
SEW LINC Ie asoy cosy es ceitelteaestrscacnenc olla .20 20 .25 17 29 20 
SACKS8 ea crewwsn ante corres BASS 5.16 6.47 7.05 5.62 5.70 5.56 
WACO s CRS sac. canictla cece tone edie les aan 8 ool: 5.87 3.28 220} Bose 
Real estate tax....... Beet! 3.07 2.80 2s 2.74 3.07 2.95 
ETHNIC oo aaneen cane il) 1.66 1.55 1732 1016 La URNS 
Dewubaaeyne Hnaagonoade 4.05 3.39 3.79 3.66 3.79 5.96 4.11 
MACTOL Werecckerotelereueieesieae .90 44 130 -on 38 40 46 
Miscellaneous) ernie .05 48 li2 Fy43) .38 1.95 54 
Overheads recqcnoustetoens 3.41 4.38 4.15 5.05 6.49 6.80 5.04 
Total operating cost..... $64.82 $65.57 $72.22 $80.90 $86.34 $82.71 $75.42 
Interest ‘on lands... 16.66 15.23 14.49 15.16 14.11 3.35 14.84 
AoE! GM OSM pce koudas 81.48 80.80 86.71 96.06 100.45 96.06 90.26 
Walueh per icwittinc citer oe .389 -795: a3) 2.29 1.62 84 1.114 
Wales perm acrerrniic sees 30.44 73.42 85.84 218.19 1386.78 (asigial 103.89 
Returns per acre: 
Without interest ...... —34.38 7.85 13562) 137-29 50.44 —4.00 28.47 
Nath beresiimcn tenner —51.04  —7.38 — 87 122.13 36.33 —17.35 13.63 
Cost per ewt. used: 
Without interest ..... .84 s((al 63 85 1.02 .88 81 
With interest) ...0.0. 1.04 88 76 1.01 1.19 1202 .O7 


Such a farm would have 28.91 acres of potatoes yielding 11,461 
pounds or about 100 sacks at harvest time. Of this production 9,308 
pounds were accounted for during the year either by sales, home 
use, seed or feed. The balance of 2,153 pounds or 18.8 percent of 
the total harvested was lost by shrinkage or thrown out at sorting 
time. This item of waste was heavy on some farms, amounting to 


September, 1929 — Costs on Irrigaren Farms 27 


as high as 4,000 to 8,000 pounds in several instances, due to freez- 
ing, rot or other disease. In 1926 the least shrinkage occurred, and 
in 1927 the largest shrinkage. The years 1922 and 1923 were also 
years of heavy shrinkage. In the fall of 1925 a heavy freeze caused 
severe losses on some farms. 


Table 17.—Cost Per Acre of Producing Potatoes, 1922 to 1927. 
Farms With Low Costs Per 100 Pounds Each Year 


Yearly 
1922 1923 1924 1925 1926 1927 average 
ESTING eic is) atc) 5) eds sat-siye. nce. 24 25 6 25 25 38 bigisld 
Acres in crop harvested... 44.49 19.34 alissayss 17.39 20.45 43.20 26.73 
Yield per acre, ibs........ 13,756 15,512 19,349 17,369 17,070 16,667 16,620 
Used per acre, Ibs........ 10,790 15,082 18,403 15,012 14,686 14,533 14,734 
Waste per acre, lbs........ 2,966 480 946 PAST 2,434 2,13 1,886 
Man hours per acre....... 42.50 64.94 66.06 78.75 65.28 62.99 63.42 
Horse hours per acre..... 63.25 105.33 89.25 90.10 108.00 70.83 87.79 
Tractor hours per acre... 1.10 pitts} 
COsSE PEE Acre: 
HUE TCT G75) ea A Ses ee sec $18.68 $22.47 $23.07 $27.87 $24.87 $22.55 $23.25 
PT GVSC APOE Shs, 574555, s(epanais 15.30 14.73 15.08 14.23 15.45 7.36 13.69 
Hand eoniraet ........ 6.68 8.73 ieeeul 10.66 9.05 10.25 9.61 
Eta GONETACE (255.55, 0160s 45 Briers 1.25 50 ote ayers 29 
PCR epee bc totehaions ere aesie a 6.50 4.39 6.40 7.18 28.20 16.22 11.48 
VEAEVEDME Deanne iri. sic csicaete aia 3.87 , 9.16 4.08 6.12 3.87 
PUR ANL CS 5 9: ole!) aie xs, sores ie. 220) 83 45 29 .38 14 .38 
BOARS et ete ietet coma ener ser 3.12 4.52 14.65 4.48 8.98 8.02 7.29 
SMASH AGS EBs cies mre) Senay Sign 3.07 es} 1.65 6.27 1.47 .63 2.39 
Real estate tax........ 22 3.47 2.34 3.21 3.58 3.31 3.02 
ESERILGUTE PG pte ieelisysuee ee ola oil 80 ee ail Uy 132 708 .b4 
ATGIDMeEME Fac oie ss seis esi 4.53 4.24 3.01 3.80 3.TT 5.74 4.18 
TEC a PS Seno 2.84 Oe Saehiis PASO 48 
Miscellaneous ......... “ne eons BS OT akere 3.97 offal 
VETHEAGY. GS i etsie ae Geavehats 1.84 6.54 6.06 9.41 9.67 9.48 Tolley 
Total operating cost...... 65.86 75.82 86.27 96.80 109.82 94.82 88.15 
Interest on land....... 18.37 14.13 16.23 13.50 12.58 11.28 14.35 
EAC GUL COREE. > oa o5 05 84.23 89.95 102.50 110.80° 122.40 105.60 102.50 
Wate Per *CWib,. fs. sre s)e).< 7:0) 0: O20 .T64 15 2.48 1.55 S84 ara liré 
Wealte! POT AOTC. cor.) 4's = sisio. 56.65 114.84 138.02 372.80 226.86 122.08 1719 
Returns per acre: 
Without interest ...... —9.21 39.02 51.75 275.50 117.04 27.76 83.64 
Viti INGETOSE ssc auras —27.58 24.89 35.52 262.00 104.46 16.48 69.29 
Cost per cwt. used: 
Without interest ...... 61 HO AT 64 Td 65 .60 


Wb D eR LELGSE 9 ieioinloiesetes)s -78 .598 56 73 84 +73 -70 
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Table 18.—Cost Per Acre of Producing Potatoes, 1922 to 1927. 
Farms with High Costs Per 100 Pounds Each Year 


Yearly 
1922 1923 1924 1925 1926 1927 average 


IMINO) Sona emas om Ste 5 18 14 26 26 26 28 aistiehe 
Acres in crop harvested... 22.21 29.00 22.48 24.54 56.77 20.37 29.23 
Yield per acre, lbs........ 7,866 4,966 9,175 11,808 4,822 2,946 6,930 
Wsedipersactey Ubsiyacre terre 2,199 4,547 6,289 7,591 3,415 126%, 4,218 
Waste per acre, lbs........ 5,667 419 2,886 4,217 1,407 1,679 2,712 
Man hours per acre...... 32.92 61.52 56.90 89.17 36.48 34.81 51.97 
Horse hours per acre..... 69.52 104.28 69.48 107.38 65.02 56.04 78.62 
Cost per acre: 
Wei IES Soegqcaceneo $ 9.52 $21.59 $14.85 $28.18 $13.79 $12.91 $16.81 
BOVIS UM poanonhoand 10.22 11,05 11.88 19.43 6.70 11.15 11.74 
Hand contract. ances 4.18 EGOD sreiewe 11.62 4.25 6.13 4.36 
Hanleontract rr a Goan PC BOO 13 .83 icaes 16 
SEG CMe ryeicieteierstay sie lonet evar = 7.87 7.92 11.37 eoet 25.03 12.75 12.02 
WENNER) Soinignacacadods 1.94 .66 aay 6.94 94 oar 2.68 
UD WVANLOU ereieaet cic cetenegarcvsrey ene praiats AeA sale .30 .10 15 13 
SACKS tees .cmtuvaeslsnerremes bse 3.20 8.34 6.78 3.33 1232 3.83 
Water: taxnco. ««cicss i. 3.03 .69 1,13 4.94 2.79 .39 2.16 
Realmestacen tax nme 4,29 3.06 3.02 2.67 2.67 2.55 3.04 
Build ine saree rier: sralaus 5.45 35 18 2.65 1.20 1.64 
Wquipment) sy. 3.38 5.56 2.63 4.92 2.54 3.21 Soak 
Miscellaneous stesierens sealiete eligi -O1 A508 2.48 119 64 
OMENNNG) sposcoodbsocn 4.75 Seal 4.33 6.63 4,21 4.68 5.45 
Total operating cost...... 49.18 67.67 63.48 99.93 72.31 57.63 68.37 
Interest on land........ 20.94 18.06 17.35 17.34 12.94 13.60 16.70 
otal all\ cOStsia «1. <1-12 <.1+1 70.12 85.73 80:83 117.27 85.25 71.23 85.07 
Values pera cwitaaeteiy ae cteletels .188 -687 .70 2.10 1.62 13 1.20 
Waliemperkacrecraricrtterrs 4.13 31.24 44.02 159.41 55.32 9.25 50.56 
Returns per acre: 
Without interest ....... —45.05 —36.43 —19.46 59.48 —16.99 —48.38  —17.81 
Wilthmimterest: ses seieas —65.99 —54.49 —36.81 42.14 —29.93 —61.98  —84.51 
Cost per cwt. used: 
Without interest ...... 2.24 1.49 1.01 1.32 1 4.55 62 
With> interest cys es 3.19 1.89 1.28 1.55 2.50 5.62 2.02 


It took 43.44 man hours, 81.1 horse hours and 0.46 tractor hours 
per acre to produce, harvest, sort and sell an acre of potatoes. This 
does not include contract picking of the potatoes. 


Seed cost an average of $11.56 per acre for 839 pounds. Sacks 
cost $5.56; water, $3.22; equipment, $4.74; overhead, $5.04; oper- 
ating costs were $76.05 per acre; total costs, $90.26. The value of 
the crop was $103.89 per acre, giving a profit for the 6 years above 
all costs of $13.63. 

The cost of producing 100 pounds of potatoes accounted for 
was 81 cents without interest, and 97 cents with interest. The aver- 
age sale price was $1.11 per 100 pounds. 

There were many variations from farm to farm and from year 
to year. Yields per acre varied from as low as 2,946 pounds to 19,804 
pounds per acre. Farmers showed ability in some cases to cut their 
costs and in other cases they had high costs. For each year the 
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farm was selected which had the lowest total cost per 100 pounds 
accounted for, and the farm with the highest cost. Tables 17 and 
18 show these farms and the 6-year average in each case. 

The six low-cost farms showed an average yield per acre of 
16,620 pounds, of which 14,734 were accounted for, while the six 
high-cost farms, had yields of only 6,930 pounds per acre, of which 
only 4,218 pounds were accounted for. Obviously yield per acre 
was the big factor that caused these men to have low or high costs 
per hundredweight produced. It cost the first group $20 per acre 
more to produce potatoes, but they made a profit of $69.29 per acre 
where the second group lost $34.51 per acre. 

The price at which farmers sold their potatoes showed more 
variation than might be expected. In 1922 six men got over 50 
cents per 100 and four men got less than 25 cents per 100 pounds. 

In 1923 four men got over 90 cents per 100 pounds and three 
got less than 65 cents. In 1924 two men got over 85 cents per 100 
pounds and three got less than 65 cents. In 1925 two men got 
more than $2.90 and four got less than $2.15 per 100 pounds. 

Obviously with a crop like potatoes where there are wide fluc- 
tuations in market price, the final results of the year’s work depend 
nearly as much upon the ability to make a good sale as they do upon 
the ability to grow a large crop at a low cost. Yet in the long run 
the farmer who can produce a high yield at a low cost will win be- 
cause the wide fluctuations in potato prices are between years. The 
accompanying chart shows how the price paid to farmers in the 
United States has varied from year to year. 

The most consistent farms in producing potatoes for a low 
cost were farms 12 and 25. Records are available for each of these 
farms for the 5 years, 1922 to 1926 inclusive. They show as fol- 
lows: 


Table 19.—Five-year Average Potato Record on Two Farms 


Farm Farm Avy. of 93 

Item 25 12 records 
PR er Oe TIO TATOO! RICE Bris: osha one) viata aiacelial aera la etslis fex'sicicns (a 20.27 80.34 28.89 
WGGUGL [Xo OCS DER ee ote c crererciorca Slow Otis Utorecae 15,622 12,091 11,363 
PAIN 1 CO PALE. «LOT suocalsds, visliainiellasiinl(s)oys)'n! econo a. ony vais 18,000 9,933 8,744 
Vener COMMIS: Mel eerie caste saoesea Vasc a yeuss one) ONG Fepoliay sor evnasiey bin; 0110), Ae, 58 2,622 2,158 2,017 
MVE AIG OH PEN SACs aa aizela, ost Ke Xe) Vo) stares ae yorat aleitat olvaysi'e 65.2 45.25 53.07 
EL GESGROOUIN GICT ECKOS o's siane)s) site cl oreteyaieyee ieee sreastens a 98.07 83.56 80.98 
DIMCEAEINPUCON MICE AGL. Meeusteerete tiene ehatsusne aeleeusles, $83.41 $67.05 $73.53 
AOS le COS Les [Te eUCL Early caw tat ati alo, folael histo amie) sree) cartons 1a) oyr6.06 91.12 78.86 88.88 
Operating cost per cwt. accounted for.............- 641 675 841 


POUA COS TMD Chane Wibsat sam arenase ten aletalsnaies sive ee Noiee ls aerate TAT 794 1.016 
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The significant thing is that these two farms required sale 
prices of at least 75 cents per 100 pounds to pay all costs, while 
for all records all years a price of $1 per 100 pounds was necessary. 
Analysis of 81 records for 5 years showed the following: 


Table 20.—Hffect of Net Yield and Price Upon Profit from Potatoes 


Pounds per acre Number Number having 
_ accounted for Number making cost over 
from to farms a profit $1 per ewt. 
0 SOOO MSs Sis bre widie-seisue s coed aneionetns 2% 3 20 
MO TM OOO) We rcreateterercieasicte-ctower cnoeede, aioherote 26 8 13 
ON OTs el 2 OOO ia ais cs, ev woke es & Siw sewee eine 16 ie al 
BEAL COMODO LESS talrnires te, sis tottesse ace Meine. seals nue js stele 12 10 0 


Price received 
for potato sales 


5 - Number 
Sed Number ane 
ee farms a profit 

0 TOY, We aR ened nie) ro, ONCRERCIO TG CHORUS 42 0 
RSME it OP ane fe carcus nue toe Tououelisteas svelensneroredens 13 7 
PUOOU HATH AA DOVE cm cistecrsiesevereiersiere meres terns 26 22 


Ten farms out of the 12 with yields over 12,000 pounds per acre 
made money and none of them produced potatoes at a cost as high 
as $1 per 100 pounds. 


Twenty-two farms out of 26 that sold potatoes for $1 per 100 
pounds or above made money. 

Look at it either way and one comes to the same conclusion, 
that yields of 12,000 pounds or better, or prices of $1 per 100 pounds 
or better, are needed in order to make money with potatoes. 


Sugar Beets.—The average cost per acre of producing sugar 
beets is shown for each year in Table 21. Average yields each year 
varied from 11.25 tons in 1922 to 18.51 in 1926. The year 1925 was 
a hard year for sugar beets to get started. The area that grew 
and was harvested that year made fairly good yields. 

The yearly average for 6 years shows 14.92 tons per acre. This 
is somewhat less than an average based on total area harvested in 
the 6 years. This shows 15.77 tons per acre, due to the fact that 
more records were secured in years with high yields. 

The contract labor shown is based on actual payments divided 
by measured area harvested. This does not agree exactly with the 
standard payments per acre which are based on areas computed 
by field men of the sugar company. 

The section of Weld County in which these farms are located 
has certain advantages for sugar-beet production which result in 
higher yields than can be secured elsewhere for the same cost. 

The chief advantage possessed by the area in Northern Colo- 
rado in the raising of sugar beets is that of climate. The monthly 
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mean temperature at Fort Collins over a period of 40 years is 46.5 
degrees, while that of Rocky Ford is 52 degrees. Yields of sugar 
beets in these respective sections were 15.57 tons and 12.99 tons.’ 


Table 21.—Average Yearly Cost Per Acre of Producing Sugar Beets, 1922 to 1927, 


Inclusive 
Yearly 
1922 1923 1924 1925 1926 1927 average 
Number of farms! 5... 12 al} ANG 10 17 10 sesame 
Acres in crop harvested... 23,31 26.638 Dole 20:19 43.87 43.97 36.08 
Yield per acre, toms....-:.. 11.25 15.38 16.02 13.68 18.51 14.68 14.92 
Semel jae MOncanococouns 16.5 16.2 16.8 43. 18. 22.6 22.2 
Man hours per acre...... 35.35 36.20 37.88 59.20 40.22 35.30 40.69 
Horse hours per acre..... 72.00 81.82 77.76 113.56 81.30 77.50 83.99 
Tractor hours per acre.. ORES .38 -50 2.35 -56 47 oh 
Costs per acre: 
MEA TEM? oeomooooocoe $11.60 $11.58 $12.97 $18.42 $13.22 $10.30 $13.01 
EVOR SOME ADO ete sensi ert 9.51 9.93 11.20 16.35 11.02 Oh 11.20 
Hand contractinn. ct. 17.15 PUG 23.12 19.37 26.33 24.66 22.07 
le lee con tra cterrer-terektere scener -82 -05 41 1.46 .38 -52 
Seedy ervarceerteretsarnare ese 32 2.43 2.52 6.50 2.75 3.37 3.45 
Manure? 2 .cec enecns = ores 5.48 5.04 7.48 13.41 9.59 6.62 7.94 
\GRTo Adis ooo Gobp o0de0 2.20 1.43 2.18 4.62 eT 2.32 2.59 
Realestate staxiyeretere ert: 3.41 3.20 3.02 2.62 2.94 3.20 3.06 
leVanebbyys; so gaaosneocuno 43 -60 57 1.75 .49 .40 Aral 
DOWER Ssqgoconaoss 3.09 3.44 3.85 6.32 4.71 5.31 4.45 
Practor arcs eciereets eaekats .28 ot 1.74 5T 1.28 aie! 
LURIOS Kee o eo nooo OOo onae ene -20 13 22 1.83 ileial .68 
Miscellaneous Were riels st) « 18 07 1,15 31 -75 3) 46 
Overhead e..cttersie eos 2.46 2.96 3.15 4,28 4.15 4.37 3.56 
Total operating cost...... 58.63 63.15 72.36 96.32 82.58 73.44 74.41 
Interest on land........ 14.78 14.71 14.04 13.05 13.42 12.90 13.82 
Motallall Weostsecracirereele 73.41 17.86 86.40 109.37 96.00 86.3 88.23 
Values perstOmyc, <1 .ys)eneterer os 7.88 8.19 7.50 6.00 8.00 8.00 7.62 
Value peri Acre sreisiscte <r ste's 88.65 125.96 120.15 82.08 148.08 117.44 113.73 
Returns per acre: 
Without interest ...... 30.02 62.81 47.79 —14.2 65.50 44.00 39.32 
Wath waintenest rss: 15.24 48.10 33.75 —27.29 52.08 31.10 25.50 
Costs per ton: 
Without interest ...... 5.21 4.10 4.52 7.04 4.46 5.00 4.99 
With interest o.ceee. 6.52 5.06 5.39 7.99 5.18 5.88 5.91 


Sugar beets are a relatively cool-climate crop. The temperature 
during the months of June, July and August is very important. A 
comparison of temperatures during these months at Rocky Ford 
and Fort Collins is given below: 


June July August 
Horie Collings severe aie ciao 63. 68.3 67.3 
Rocky SHordaenaeniesamerraenne 70.5 74.8 73.4 


Not only is the temperature during these months important, 
but the temperature between night and day just preceding beet 
harvest is also an important factor in the development and the 
storage of sugar. The maximum activity of sugar storage is during 


*U. S. D. A. Bul. 917, Farm practice in growing sugar beets in three districts of 
Colorado. 
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Using furrow openers on a beet drill permits early cultivation or irrigation. 


the last month of the growing season. Northern Colorado has cooler 
nights than the Arkansas Valley, and fairly warm days. 


The soil in this area is medium to light. Potatoes are widely 
grown. Many farmers follow potatoes by sugar beets. This tends 
to cheapen the cost of production inasmuch as plowing is elimi- 
nated. It secures an early preparation of seedbed and allows for 
early planting. These are important factors in raising beets, as 
labor performed and yields are two important factors in cheapening 
costs and thereby raising the profit from sugar beets. 


Many farmers feed either sheep or cattle and have sufficient 
manure to maintain their soil in high fertility. There is normally 
sufficient irrigation water to keep crops growing thru the year. 
These and other items have combined to make the Windsor-Eaton- 
Greeley area highly productive. In 1926 the farms included in 
this study averaged 18.51 tons of beets per acre. Northern Colorado 
made an average of 14.40 tons the same year. The lowest yield on 
any of these farms that year was 14.99 tons. 

For the above reasons the average cost per acre or per ton 
shown for this study is less, proportionately, than what might be 
considered normal under Northern Colorado irrigated conditions. 

Not all these farms made money on beets. Tables 22 and 23 
show for each year the farms that produced beets at the lowest cost 
per ton and at the highest. The average for the six farms with 
lowest costs per ton shows a yield of 18.39 tons. The lowest yield 
any year was 14.02 tons in 1922. The average cost per acre, in- 
cluding interest, was $81.21, the cost per ton, $4.42. These men 
made $58.97 profit per acre. 
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Early cultivation of beets reduces weed growth and increases yield. 


The six men with highest costs per ton had yields of 10.31 tons 
per acre, the highest attained by these farms was 14.99 tons in 1926. 
Their costs per acre were $121, and $11.74 per ton. They lost $43.31 
per acre. The bad year of 1925 hit this group and partly accounted 
for the extremely bad showing. 

Tn 1925 the harvested area bore the expenses of the entire sugar- 
beet crop. Time and money spent on abandoned beet land helped to 
swell the total cost. For the 6-year average this is spread over the 
years and represents the cost of risk of loss from the crop. 


Ditching beets with a beet cultivator. 
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Table 22.—Cost Per Acre of Producing Sugar Beets, 1922 to 1927, Inclusive. 
Farms with Low Costs Per Ton 


Yearly 
1922 1923 1924 1925 1926 1927 average 
UMESPUUNOLT 20/0 eis ele lerersie iets s ne, 12 25 we 38 5 SOON 
Acres in crop harvested... 16.46 49.81 20.31 51.99 36.08 35.84 35.08 
Yield per acre, tons...... 14.02 16.23 22.15 16.18 22.28 19.52 18.39 
Man hours per acre....... 38.70 23.33 37.86 50.38 45.87 82.17 388.05 
Horse hours per acre..... 78.68 59.28 110.34 62.34 63.33 62.72 72.78 
Tractor hours per acre... ae ooo eat 4.08 eeonohe eteuee 68 
Cost per acre: 
LGETE BCT Ivey een Se eee es $12.18 $ 7.47 $11.58 $17.83 $15.82 § 9.91 $12.46 
PPO PSO MTA DON sg 6,0: ccelais, 6 sie 06 8.58 6.75 15.46 8.76 10.20 7.40 9.52 
ENG CONLTACE | cian... <5 3.» 18.01 20.60 26.83 23.95 29.54 27.23 24.36 
Haul: Contract... < sister sis sis s 1.49 5:5 atanesc eee ApS .25 
SECUMER a otters wie eee i refered 4.45 2.04 2.99 2.62 2.61 2.61 2.89 
jf PRO RSG oe e aeee 3.00 9.42 8.75 3.58 5.12 5.07 
REO! FOU ci cictal she eis! sicteus 4.40 <30 2.07 4.51 1.09 3.52 2.82 
Real estate tax........ 2.91 2.20 3.22 2.10 2.78 3.41 PET 
URN bia yec AOS eens Cis oerg BPal | .b4 .69 .06 2.83 67 .80 
AMNOUIPMEN'E <.o s sis erisys sie she Beat 1.28 4,22 4.02 3.45 4.34 8.45 
AMER eth Stay diciae cia.G iar aieiiotts Scouens 2.75 .03 S006 46 
RESSGELC Ketter ede: och ator streadeue sete aici ers aietene .59 5.08 3.94 1.60 
Miscellaneous ......... .06 .10 1.51 41 44 beans 42 
WON CEROA GIT. enacts <i chapsus sis 3.16 1.35 5.01 2.81 3.94 1.85. 3.02 
Total operating cost...... 57.33 48.50 83.00 TOWMGueeSieso 70.00 69.89 
Interest On: Vanes susisis<e 7.29 11.70 13.93 6.62 11.43 16.95 11732 
Total. all. COStS%s:s 6si6is,5.01 64.62 60.20 96.93 85.78 92.82 86.95 81.21 
Wale Per GOB... 5 siete ac 7.88 8.19 7.50 6.00 8.00 8.00 7.62 
AIH E POR GEG ate wis) oiaucieie oie 110.48 132.92 166.20 97.08 178.24 156.16 140.18 
Returns per acre: 
Without interest ...... cays pal 3) 84.42 83.20 17.92 96.85 86.16 70.29 
WWIGHOANLEnOSE \, <ckesenene sco s 45.86 72.72 69.27 11.3 85.42 69.21 58.97 
Costs per ton: 
Without interest ...... 4.09 2.99 3.75 4.89 3.65 3.59 3.80 
With Superesin 72%. cre. als 4.61 BAG 4.37 5.30 4.16 4.45 4.42 


An interesting fact in connection with the cost of beets on the 
low-cost farms during the period of 1922 to 1927 is how the costs 
per ton (without interest) have varied. Inputs of materials and 
labor are responsible for this variation. 


Farm 12 in 1923 used very few man and horse hours per acre. 
The general practice on this farm has been to follow some cultivated 
crop such as beans or potatoes with beets. Spring-toothing, harrow- 
ing and leveling are the only operations before planting beets. 'Time- 
liness of operations during the cultivating seasons reduces the num- 
ber of cultivations by at least one. The distance to the beet dump 
does not exceed 11/4 miles from any part of the farm. Generally 
four-horse teams are used in hauling beets after the season is well 
started. This utilizes man labor to a greater degree than two-horse 
teams. 
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Table 23.—Cost Per Acre of Producing Sugar Beets, 1922 to 1927, Inclusive. 
Farms with High Costs Per Ton 


Yearly 
1922 1923 1924 1925 1926 1927 average 
MAO INO, brreo.coe00o 010 G06 16 20. 26 3s 39 42 asaiaKt 
Acres in crop harvested... 20.42 atti 34.30 3.00 38.68 16.52 20.01 
Yield per acre, tons....... 5.6 6.81 ula Br 11.72 14.99 10.96 10.31 
Man hours per acre....... 32.62 60.17 36.41 202.67 36.34 37.65 67.64 
Horse hours per acre..... 84.72 75.74 78.69 360.67 63.88 91.77 125.91 
Cost per acre: 
WE IMS Sroseaa eas. $11.48 $14.85 $ 9.50 $78.39 $11.70 $ 8.77 $22.45 
Horse) labor... - aie hes 10.25 13.05 13.46 43.64 14.48 10.28 17.53 
SVN) (OMIA Booonoes 18.54 iB r(a es 22.81 15.34 27.44 29.54 21.81 
Haul contract 4. 1.2 eke eras arene ae 55 avers .09 
Sievers Us imeneetein. coean ateansoe ae 3.88 3.04 2.81 29.95 2.57 2.25 7.42 
MamUT ete -ccse ese creeks eres Dee 2.02 14.3 10.06 5.42 2.13 6.61 
SWieite ra bAxe rete castorsnensy <iciene 3:13 .68 slates Dae 3.76 2.33 22d: 
Realestate taxc.s.sec 3.42 2.66 3.02 8.49 222 3.40 3.87 
Buildin sa aepepricrerers rere 44 .86 15 34.57 25 1.10 6.33 
Igoe Gaesccaauaco 3.39 3.54 2.98 18.08 5.84 5.81 6.59 
PTC Pasnssteteneretences erste Syewora estes erga 3.99 6.68 iL 
Miscellanecousiee a iereseens Sears Bee .50 sie ous Bie ce -05 
Overhead! irs weescs iets cote 1.00 4.99 Paatet 15.54 6.87 5.96 
Total operating cost...... 61.25 62.87 13.83 260.23 72.48 102.69 
Interest on land........ 18.85 8.43 17.51 41.57 11.48 18.31 
‘POvalmalla costs seseeieetes 80.10 KAes 91.34 301.80 83.91 121.00 
Valier peraionmrmrrrereree rte 7.88 8.19 7.50 6.00 ; 8.00 7.54 
Values pervacren anveiecicisesis 44.13 5.17 88.35 70.82 119.92 87.68 77.69 
Returns per acre: 
Without interest) sence —17.12 i 14.52 —189.91 384.42 15.20 25.00 
With eintenest merits —35.97 —15.53 2.99 —231.48 22.35 3.17 —43.3 
Costs per ton: 
Without interest 9... .. 10.94 9.23 6.27 22.20 5.70 6.61 9.96 
\wVheley TERI Co omaneoe 14.30 10.47 C6 PotD 6.51 7.66 11.74 


Hauling beets with four horses. 
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Farm 25 in 1924 planted beets in potato and bean ground. The 
land of this farm is fairly heavy which necessitated plowing. A 
good seedbed was prepared by frequent harrowing. Beets were 
irrigated six times this particular year due to the fact that the 
season was fairly dry. Good yields were secured due to rotation 
methods and frequent applications of manure. Plowing on this 
farm increases the labor input over that of farm 12. 


Farm 17 plowed the land for beets. The practice was to 
manure grain stubble during August. The land would be disced 
thoroly, incorporating the manure into the soil. Later when mois- 
ture conditions were right the land was fall plowed. Seedbed 
preparation in the spring consisted of harrowing and leveling. A 
good firm seedbed was thereby secured. Irrigation water was 
apphed from three to five times per season, depending on type 
of soil and the particular season. A tractor has been added to 
the farm equipment in order that the ground may be prepared 
at the right time. Deeper plowing has also been the practice since 
the purchase of the tractor. A truck has also been purchased 
which in the opinion of the operator has aided in reducing the cost 
of producing beets. 

The practice in growing sugar beets on farm 5 was to follow 
potatoes by beets. Some years it was necessary to follow beets by 
beets. In this event the land was spring plowed and manured. 
All work was done by horses, no tractor being owned. Due to dis- 
tance from the beet dump (314 miles), a truck has been purchased 
which facilitates beet harvest. In the years 1924 and 1925 the cost 
to farm 5 was 78 cents per ton to haul beets to the beet dump. In the 
3 years, 1926 to 1928 inclusive, when a truck was used, this cost 


Hauling beets by truck may aid in lowering the cost of marketing. 
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was reduced to 65 cents per ton or a saving of $2.57 per acre for a 
19.77 ton yield. 

Table 24, which gives the results on all farms where records 
were available for over 4 years, shows that farm 12 used less 
hours of man labor per acre on beets for a period of 5 years than 
any other farm. The use of horse hours was relatively efficient also. 
Farm 11 also used a low number of man hours and less horse hours 
than farm 12. Rotation methods are responsible for these low labor 
requirements since these two farms rather consistently follow the 
practice of planting beets after some other cultivated crop with- 
out plowing. 


Table 24.—Average for Farms Growing Sugar Beets 5 Years or More 


Production Oper- 
Farm No.of Acres Acres per Hours per acre ating Total 
No. years planted harvested acre Man Horse Tractor costs costs 
tons 

5 5 22.47 20:77 ORT 43.73 96.97 BOO $78.23 $96.03 
aut 5 28.98 24.95 17.14 30.69 62.81 eae 68.20 88.66 
12 5 55.45 55.01 15.94 27.89 71.54 hss 64.35 76.23 
13 5 50.58 39.53 17.48 37.76 96.24 49 WTI 91.96 
ie 5 41.40 39.01 16.56 40.12 78.34 3.12 74.80 81.92 
25 5 18.98 15.25 19.25 36.27 98.00 sev sts 78.89 93.04 
26 6 32.36 29.56 Asem 388.84 65.90 aisle 71.47 88.19 
27 6 19.66 16.42 12.62 45.64 90.36 eayens 77.54 84.06 


Normal Sugar-beet Costs.—In order to show what would be 
the result under conditions that exist over a wide area of Northern 
Colorado, a few changes were made in the 1926 year’s costs to make 
them conform as far as possible to normal practice. 


Out of 746.83 acres in sugar beets in 1926 only 329 acres were 
plowed. Taking the actual time for plowing 329 acres as a basis 
and using the average rates for man, horse, equipment, tractor and 
overhead costs, it was found that the cost per acre in 1926 would 
have been increased $4.39 if all the land had been plowed. 


If the yield had been 14.4 tons per acre’ instead of 18.51 tons 
there would have been certain savings. The extra bonus for topping 
beets would have been saved on 4.11 tons. This amounts to $2.06. 
These 4.11 tons would not have been hauled to the beet dump, a 
further saving of $2.71, as it cost 65 cents per ton to haul beets to 
the dump based on all records. 

Hence a normal beet crop of 14.4 tons per acre based on the 
1926 practice would cost $82.20 per acre without interest, or $95.72 
including interest. ‘This amounts to $5.71 operating cost per ton 
and $6.65 total cost. 

A similar comparison based on all the records for the 6 years 


1This was the average yield in Northern Colorado in 1926. 
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shows that a 13-ton yield would show $73.91 operating cost per 
acre and $87.68 total costs, or $5.68 operating costs per ton and 
$6.74 total costs per ton. These two figures are interesting as show- 
ing what might be expected with average yields and normal prac- 
tice. 

Twenty farm records out of 75 actually showed costs per ton 
greater than these computed averages so that they appear reason- 
able. 

The difficulty of using these or any other costs as normal lies 
in the fact that no one farm any year is normal. Something is out 
of line. Extra work on this or that operation, higher water costs, 
changes in method, all tend to upset any normal. Take the one 
item of changes in method. Tractors are coming into the region. 
What effect will they have on costs per acre? Trucks are being 
used to haul to the beet dump. How are their costs compared to 
the use of teams? Pumping plants are coming to supplement res- 
ervoir water. What is the cost of pumped water? 

Hence with these costs, they should be used as a starting point 
and each farmer can then make such changes as make them conform 
more closely to his conditions. In that way he will come nearer the 
truth than if he relies blindly on an “average.” 


Profit or loss per acre is not necessarily a reliable guide as to 
whether, if the particular crop were increased in acreage, say 
doubled, the total net profit from the doubled acreage would be 
two-fold. It might be greater or less than this. However, in deter- 
mining how far one should increase or decrease his production he 
should take into consideration not only the one particular crop but 
the entire combination of crops raised on his farm. Labor distri- 
bution, extra machinery, rotation practices all need to be considered. 

If the individual farmer can, by varying his inputs of labor, 
material, etc., secure greater proportionate yields with less propor- 
tionate expense of production, his profits per acre may be greater 
proportionately than his increase in expenses. If this be the case 
then he has not reached the point of diminishing returns for that 
particular crop. In seeking greater profit he should be careful his 
costs do not exceed his returns. 

Barley.— Table 25 gives the average yearly results from raising 
barley. The year 1927 was the best year for all farms so far as 
yield was concerned. <A crop over 400 pounds larger than any other 
year was produced at no greater cost per 100 pounds. The years 
1924 and 1927 were the only years that barley paid all the costs 
of production, including interest on investment. In 1922, 1925 and 
1926 the value of the crop barely equalled the operating costs, leav- 
ing nothing for interest. 
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Here is a crop that seldom is produced at a profit, yet persis- 
tently grown. Why? Farmers will tell you that they grow barley 
for feed. Agronomists will tell you that it is needed as a nurse 
crop for alfalfa. The facts are, if one refers back to the table show- 
ing cash costs, that barley produces more than enough to pay cash 
costs. It is a good feed and nurse crop. A farmer can grow it in 
addition to the area of potatoes, beets and alfalfa that he can handle, 
and practically with the same horses and equipment. It can be 
planted and harvested when other crops do not need attention. Con- 
sequently it remains in the rotation because there is nothing better 
to take its place. 


Table 25.—Cost Per Acre of Producing Barley, 1922 to 1927 


Yearly 
1922 1923 1924 1925 1926 1927 average 
Number of farmigin ec. e 13 15 14 15. 16 8 tale 
Acres in crop harvested... 20.62 25.24 27.54 24.50 29.58 LOM 24.08 
Vieldepersacre lbsaaecs sa PIAS e 2,402 2,427 1,822 2,314 2,869 2,337 
Seedipercacre sam cinecctereyee 95 90 a9 87 66 86 84 
Man hours per acre...... 14.72 13.37 13.58 13.05 17.00 12.90 14.10 
Horse hours per acre..... 24.69 20.94 19.52 22.26 22.43 16.48 21.05 
Tractor hours per acre.... .09 .69 AT 41 .80 34 
Cost per acre: 
Marla bor seme teiorcrrecn: $ 4.83 $ 4.26 $ 4.67 $ 4.48 $ 5.94 §$ 3.67 $ 4.63 
Elorse labore niercisscdclsise 3.40 2.58 2.75 3.34 3.02 2.25 2.89 
Seed os rere cist ete sueiecsi sere alata 1.15. .99 1.64 1.02 -99 1.15 
WEED Soneewdcaaaods 2.68 2.50 3.56 4.84 3.59 3.09 3.38 
WAN Cw verhenstsnceccsistevcnore ce 42 49 44 48 56 44 AT 
SACKS! caretetecs eco siieus suelisc eas bio tie .10 .O7 AONE .10 .06 
Oa Ga eiereie lace ieystsvevenauaranens silat aula .20 oD OT .06 alia 
imhreshineanirsciecterc cee 4.04 4.3 4.13 2.02 3.01 3.89 3.57 
Wiaiter ita causpncucunteecien 1.45 49 .56 alia 1.16 1.03 97 
Realestate tax -yeratcteaa 3.68 3.13 2207 2.68 2.73 8.45 3.07 
lEUbUKR YAS 5 oooooaonococ .30 226 .69 .60 44 97 55 
IMM MOOME Gaaoaooocdne alas ta 94 94 ileal 1.18 1.26 1.10 
EDP ACCOIT Mectevsieveiatesarers sexe Or 54 33 .29 67 1.04 49 
Miscellaneous 27-1. -v--t0 i 01 qi ul OT .14 50 ets 18 
Overhea divans siereisinc 1.34 1,08 1.09 1.52 1.86 ajay | 1,39 
Total operating cost...... 24.55 21.938 23.29 24.438 25.82 24.02 24.01 
Interest on Jandi.. +s) 16.05 13.28 12-23 13.25 IPN G) 13.96 13.49 
Motalallecosisrercrraetners 40.60 35,21 35,52 37.68 38.02 37.98 37.50 
WEN TNO Ciscoe conagoccs 113183 jalal 1.56 1.36 1.10 1.36 Ue PAe 
Waliemperedcne imine 24.71 26.66 37.86 24.78 25.45 39.02 29.75 
Returns per acre: 
Without interest ....... 16 4.73 14.57 .35 —.37 15.00 5.74 
With initerest) fic... —1%.89 —8.55 2.34 —12.90 —12.57 1.04 —T.7T5 
Costs per ewt.: 
Without interest ....... ale ron 96 1.34 ND, .84 1.03 
Wathisinterest, mace ee 1.86 1.47 1.47 2.07 1.64 1.32 1.60 


_ Thirty records out of the total for the 6 years showed oper- 
ating costs less than $1.00 per 100 pounds. The price of barley 
seldom falls below $1.00. In fact, with corn above $1.50 per 100, 
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farmers can afford to raise barley because barley has a feeding value 
about the same as corn.t The saving in the feed bill will balance 
the apparent loss on the barley. The farm as a whole will be ahead. 


This emphasizes another phase of the use of crop costs. It is 
of doubtful value to consider the farm as made up of separate crops. 
It should be viewed as a whole. One crop may be necessary in the 
rotation in producing another crop. 


Beets require exceptional care. Grain and hay in the rotation 
may be continued at a loss because they are necessary to complete 
the rotation. 


Table 26 shows the results on farms where barley records were 
obtained 4 or more years. Farm 29 had the best yield, farm 17 
the lowest cost per acre, and the least time per acre, due to the 
efficient use of both horses and tractor. 


Table 26.—Farms Growing Barley 4 or More Years 


Farm No. Acres Yield Hours for acre Costs per acre 
No. years harvested Boe eee Man Horse Tractor Operating Total 
S. 

5 6 13.61 2892 16.7 27.8 eierere $28.52 $45.89 
12 5 43.47 2168 15.3 21.6 sears 21.49 32.93 
13 5 69.41 1999 16.2 27.3 48 24.28 37.90 
17 5 52.97 2558 12.0 tbls) 207% 20.90 27.27 
2 6 18.39 1993 12.4 20.0 Seale 23.74 39.91 
27 6 13.41 2008 14.7 23.5 Sone 24.25 $1.15 
29 4 7.97 3086 18.3 30.0 Gar 35.10 56.97 
33 4 19.50 2654 al Gort 23.4 «22 31.96 39.84 
3 4 36.54 3028 12.4 14.6 .60 26.87 42.27 


Alfalfa.—This is the only crop that every farmer grew every 
year, yet only 1 year out of 6 did it pay all expenses. In 1924 
alfalfa was worth practically $15 per ton and showed a small profit 
as a consequence. See Table 27. 

The yields for three cuttings were close to 214 tons per acre. 
These yields were based on measured stacks, not on actual weights. 
Some farmers used one formula for measuring hay, some used an- 
other, but in most cases one-fourth of the over times the width times 
the length; this result divided by 512 was used for finding the ton- 
nage. Experiments by J. W. Sjogren of the Colorado Agricultural 
College, and work in other states suggests that for all except the 
low, squatty stacks this rule underestimates the tons in a stack. If 
this is true the actual yields in this area as found by scale weights 
would have run higher than shown. 


Most of the hay produced in this area is fed on the farms. In 


1—. J. Maynard, Colorado Experiment Station. 
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this case the question of measuring stacks is of minor importance. 
On farms where hay is sold, it becomes of major importance. The 
whole purpose of a rule for measuring stacks is to find some easy 
method to determine the cubic contents of the stack, then to deter- 
mine the number of cubic feet per ton. When one considers the 
number of things which cause variations in results, it is apparent 
that any rule is a makeshift. The best method is to weigh the hay 
when it is sold. This eliminates the chance of either party getting 


an advantage. 


Table 27..-Average Yearly Cost Per Acre of Producing Alfalfa, 1922 to 1927 


Yearly 
1922 1923 1924 1925 1926 1927 average 
Number of farms........ 22 22, 20 22 19 9 5 5 C 
INGLES MIN CLODstegeteieususiees chet 43.3 48.52 53.47 48.09 49.25 49.20 48.65 
Yield per acre, tons... ..- 2.62 2.64 2.41 2.37 2.68 2.09 2.47 
Man hours per acre...... 14.32 16.50 16.038 16.94 18.79 14.438 16.17 
Horse hours per acre..... 20.02 19.11 18.61 23.02 23.10 18.87 20.46 
Cost per acre: 
Mane labora ceicriracr $ 4.67 $ 5.34 $563 $ 5.55 $ 6.50 $ 4.44 $ 5.35 
Horseslaborerr ici 2.93 2.67 2.86 3.50 3.16 2:39 2.92 
SCOG P scicicscccrencusnsgedocrecs -70 1,22 .98 1.48 a ta IG | .76 1.04 
WEY Suorousobeo sox 2.19 3.57 QE, 3.87 22 2.29 2.80 
Water tas cite cimccclencore 1.27 1.38 120 1.44 1.28 Tar” 1.30 
Real estate tax........ 3.41 2.97 2.90 2.56 2.87 2.98 2.95 
LATS OMAI Gooooseoc-con .95 -93 .95 1.33 1.31 1.438 alba iss 
Miscellaneous ......... .02 .02 .09 16 .05 .06 BOOK 
Overhead us snes eres 1.17 1.41 1.45 1.60 2.08 1.74 1.57 
Total operating cost...... 17.31 19.51 18.24 21.49 21.08 17.20 19.14 
Interest on land........ 15.12 14.10 13.68 14.14 12.23 11.78 13.51 
Motal all costs mere 32.43 33.61 31.92 35.63 33.3 28.98 32.65 
Valuemperntoninnemierccnsramier 11.91 10.65 14.87 13.83 7.66 10.45 11.51 
WVialuer Pers Aenea. ceric GHP Btshulp) 36.13 32.78 20.538 21.84 28.43 
Returns per acre: 
Without interest ....... 13.89 8.61 17.89 11.29 —0.55 4.64 9.29 
With vinterest. <r....0<« —1.23 —5.49 4.21 —2.85 —12.78 —7.14 —4,22 
Costs per ton: 
Withouteintereste sedis 6.61 7.39 7.57 9.07 7.86 8.23 1.15 
With interest: <2... .. - 12.38 LOS 13.25 15.05 —12.44 13.87 13.22 


Table 28 gives the area, yield and costs per acre for growing 
alfalfa on all farms with records over four years. Farm 25 had the 
highest average yield. Farm 12 had the lowest hours per acre 


: > 
and the lowest operating costs. 


Alfalfa is recognized as an essential part of any crop rotation. 
Yet as the years pass it seems to become increasingly difficult to 
secure a stand. The years 1924 and 1925 were the worst in the his- 
tory of the valley. Since then better stands have been secured. 

The general opinion based upon the 1924 experience seemed 
to be that there were two outstanding reasons for the increased diffi- 
culty in securing a stand of alfalfa: First, the fact that long use 
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of manure and better rotations had increased the richness of the 
soil so that more leaf and stem growth on barley and other grain 
tended to smother the alfalfa seedlings; second, the nurse-crop 
grains have always been planted from the point of view of getting 
a good yield of grain, and not from the point of view of securing 
a good stand of alfalfa. 


In 1924 many fields showed alfalfa plants that came up, then 
smothered, or other fields where the plants were so weak that they 
died soon after grain harvest. However, these do not explain the 
difficulties with the alfalfa crop as a whole. 


Corn or sorghum provide excellent roughage when alfalfa fails. 


Table 28.—Average for Farms Growing Alfalfa Four or More Years 


Farm No. Acres in Tons Hours per acre Cost per acre 
No. Years alfalfa per acre Man Horse Tractor Operating Total 
1 4 28.89 2.61 14.50 16.40 oat $18.19 $30.71 
2 4 23.46 2.79 21.00 23.20 Sherer 24.47 36.42 
5 6 44.87 2,28 16.30 20.60 ay arine 19.37 36.78 
6 4 30.69 1.98 20.10 18.60 metete 19.18 34.86 
11 5 41.49 2.70 17.10 20.95 atatens 22.46 42.03 
12 5 89.69 2.15 10.58 16.27 Aten 14.18 25.82 
13 6 83.68 2.60 14.73 OAGou rae bic 19.18 32.37 
ily 5 74.79 2.06 16.40 20.33 .68 17.25 23.65 
25 5 36.68 3.41 18.74 25.5 AE 23.78 86.93 
26 6 37.93 2.87 17.58 25.07 stetene 23.14 39.51 
PAG 6 18.33 2.55 14.49 19.84 POOR 17.62 24.08 
28 6 39.76 3.04 17.88 17.70 Peer 20.67 34.55 
29 5 56.51 2.24 13.60 14.33 aaa ae 20.07 36.68 
33 ft 66.00 2.25 15.02 17.62 Bde ats 18.95 26.76 
i ca Se ra A a a al EE 
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Probably the most important difficulty is that of securing a 
stand of alfalfa for a period longer than 3 years. Experience 
during the past few years indicates that the rotation may have to 
be shortened. This may eventually be beneficial inasmuch as all 
the farm will be rotated whereas previously there has been a ten- 
dency to plant particular fields better adapted to certain crops sev- 
eral years in succession. As a result the nematode disease of beets 
and various potato diseases have tended to increase somewhat rap- 
idly. Yields have become less while the quality of product has 
decreased. Therefore rotating the entire farm may in the years 
to come actually increase the normal production. 

The causes of the difficulty of maintaining a stand of alfalfa 
are several in number. Within the past few years a bacterium wilt 
has become more noticeable in its effects. This muds or clogs the 
vascular system of the roots of the alfalfa plants, causing a contin- 
ual dropping of the leaves and shortening the stems. Because of 
this, plant food fails to enter the stem and leaves, thus reducing 
plant growth and thereby yield. Another factor is that of winter 
killing. It is impossible to determine how much the yield of alfalfa 
is reduced by these two causes. 

It is also possible that with continued applications of irriga- 
tion waters the amount of salts in the soil may have become in- 
creased, which also may aid in the so-called clogging of the vascular 
system of the alfalfa roots. It has not as yet been definitely deter- 
mined whether the clogging is wholly that of the bacterium, or 
partly that of the collection of salts, or both. Evidence is at hand 
which tends to show that the disease may be somewhat more prev- 
alent where heavy applications of irrigation water are supplied to 
the alfalfa.’ 

Another cause is that of planting poor seed. When alfalfa 
was first planted in Northern Colorado the seed mostly came from 
Hamburg, Germany. This was exceptionally good seed. Of late 
years seed has been used from other foreign countries such as Ar- 
gentine, Turkestan and from various locations within the United 
States, and has not been adapted to climatic and soil conditions 
of Northern Colorado, 

Failure to plant the better grades and varieties of alfalfa may 
be somewhat responsible for increased winter killing or bacterium 
wilt. Some farmers who have shown care in the selection of alfalfa 
seed, and in their methods of seeding, have had no trouble with 
alfalfa stands during the period of this study. 

In the last few years some farmers have used Grimm alfalfa 
seed in order to secure a better stand of hay. 


1L, W. Durrell, Colorado Experiment Station. 
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The cost of producing alfalfa is influenced by the methods 
of handling the crop. One of these methods is that of irrigation 
practice and the corresponding labor involved. Some farmers prac- 
tice more or less consistently the irrigation of alfalfa at night. 
Nearly all farmers practice this method to some extent, some more 
than others. This practice depends largely on the amount of water 
to be had, the proportion of grain and row crops to alfalfa, and 
the lay of the land. 


A large supply of water will be allowed to run on alfalfa 
longer than a more limited supply. Therefore the labor require- 
ments are reduced in making sets. Especially is this the case in 
night sets. A larger proportion of grain or row crops relative 
to the alfalfa acreage results in day sets of water on the grain or 
row crops and night sets on the alfalfa, thus reducing the labor 
requirements on the alfalfa. 


Another variation in practice is in the method of stacking. 
Two methods of stacking alfalfa are followed in the Eaton-Greeley 
area. Near Greeley the crane stackers and sleds are used. This 
method necessitates the use of three sleds pulled by two horses per 
sled, in order to keep the stacker occupied. Three teamsters and at 
least one field pitcher are necessary in addition to the men at the 
stack. Ten to 15 acres will normally be stacked in a day’s time 
with such a crew 


In the Eaton-Severance area the overshot stacker is the more 
common practice. Three sweeps and a stacker team driven by a 
boy, with two men on the stack, will normally stack 14 to 20 acres 


Buck rakes and an overshot stacker save labor in stacking alfalfa according to data 
secured in this study. 
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per day. The latter method is less expensive while the former 
method results in better quality of hay and less wastage about the 
stacks. Especially is this true if the season is at all wet. 

For the year 1926 four men were selected who used one method, 
and four who used the other. Farms 11, 25, 31 and 38 used the 
sled and crane stacker. Farms 5, 13, 26 and 28 used the buck rake 
and overshot stacker. The results on the two groups of farms were 
as follows: 


Table 29.—Hours Labor Stacking Hay by Different 
Methods, 1926 


Sled Buck rake 

Item stacking stacking 
Number on farmishy rye 4 + 
Area alfalfa Secrets scees 176.5 216.9 
Yield per acre, tons...... 3.6 PAD 
Hours per acre Man Horse Man Horse 

For three cuttings..... 14.51 17.46 6.05 8.23 

Hor one) Cutting. .)..-1. <0 4.84 5.82 2.02 2.74 
EVOULS Dery COM myers tore 4.04 4.86 2:15 3.74 


Getting a load of hay with sleds and slings. This takes more time than with rakes. 


The time per acre for the group using sleds should be more 
than for the others, as the yield per acre was 1.4 tons greater. Even 
when put on a ton basis, however, the buck rake method shows 
a saving of 1.29 man and 1.12 horse hours per ton. At average 
rates for man, horse, equipment and overhead, this means a saving 

re led 
in labor per ton of about 75 cents for the buck rake method as com- 
pared to the use of sleds. 


Variation in the cost of producing a ton of alfalfa is there- 
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fore partly due to failure in securing a stand, and partly to dif- 
ferent ways of irrigating and stacking. 

Beans.—The bean crop is normally a crop which is planted in 
lieu of some other cultivated crop, which may, because of climatic 
conditions, be unprofitable to cultivate that particular year. The 
land can be worked at small cost and planted to beans later in the 
season. This crop therefore serves the purpose of being a catch 
erop which brings in some ready money during the season. Many 
farmers planting beans under these conditions consider that any 
return over and above actual prime costs is that much gained, as 
the land might be otherwise idle or planted to some feed crop which 
may not be needed the year in question. 

Beans may also be planted on land not suited for potatoes or 
beets or may replace a portion of these crops any given year, should 
the cultivated acreage of these crops be exceptionally large in pro- 
portion to the total cultivated area. In the case of land not suited 
for potatoes or beets, beans, being a cash crop, will supply a portion 
of the operating expenses and yield a financial return comparable 
with a poor beet or potato crop. In the case of beans replacing a 
portion of the beet or potato acreage, the question of supply of irri- 
gation water becomes a factor inasmuch as beans require less water 
than potatoes or beets. Beets the year following beans receive but 
little soil preparation as it is seldom necessary to plow. Bean grow- 
ers who consistently plant a small portion of their farm to beans 
therefore find serious competition some years from those who con- 
tinually change their policy as to growing beans. 

Two types of beans were grown in this area. Pinto or Mex- 
ican beans, and seed beans, so-called, which include all varieties of 
beans grown under contract for seed houses. Table 30 shows the 
average results for 4 years on pinto beans. Table 31 shows the 
result with seed beans for 3 years. In the years 1922 and 1923 no 
separation was made between the two kinds of beans. There were 
12 records these years. The average for the 12 showed a loss of 
57 cents per acre without any interest, and a loss of $14.30 per 
acre when interest was included. Neither of these years offers any 
suggestion or hope of profit, altho farm 14 did make a profit each 
year. 

In 1925 and 1926 pinto beans made more money than seed 
beans. In 1924 seed beans did the better. In 1924 and 1927 pinto 
beans were very poor. Blight and rust nearly ruined the crop. 

Considering all records and years, the bean crop at yields and 
prices existing during this study was not a profitable crop. Pinto 
beans in 1926 and seed beans in 1924 were the only instances where 
they paid interest on the investment in land. 
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Because beans are grown to fill a gap, so to speak, in the crop- 
ping program, the supply fluctuates considerably, with the result 
that wide variations in price occur. Especially is this true of pinto 
beans which are grown extensively in the more arid sections of 
Colorado as well as on irrigated farms. Cost records kept by 17 
farmers during 1926 and 1928 on dry land* show that $4.53 per 
100 pounds is necessary to meet all expenses of production, includ- 
ing interest on investment. A comparison of this figure with that 
in Table 30 shows that only 1 year out of the 4 were farmers on 
irrigated farms able to meet this comparative price. 


Table 830.—Average Yearly Cost Per Acre of Producing Pinto Beans, 1924 to 1927 


Yearly 
1924 1925 1926 1927 average 
INES Ce eG 4 og coocondanUd06 2 6 3 4 aioe 
INGER IN CO Veg onoosoa0000 Gann oboD 5.84 14.74 9.73 11.08 10.21 
WOGIG| Oe BGR, MNKs oapooobepdaaaes 251 1,156 1,085 154 662 
Seed per? acre. aaac.ncs veces cee 17 24 41 551 34.22 
Mane hoursmpereacnemr-rcrarepalcrtaparcnate 24.18 32.63 45.52 51.79 38.53 
ForsehourswpernacCkerrs1ietecnrd crt 36.18 30.41 48.41 15.29 47.57 
Mractors HOULS spel) Acres -sieiewis else wiotene gull stones 1.09 -30 
Cost per acre: 
Mian VabOr™ es .svesrecs wets eis siecle 2) caer $ 8.85 $10.56 $14.40 $15.78 $12.40 
HOrsenlaborwestasierccohonoeenatnstersns 5.96 5.00 6.56 Tou 6.26 
Seed garsartante sincere atecenvoer rerontarets .85 1559 1.64 4.24 2.08 
INGA TNUT Gy eyaeranencveteus hetccchareheiswcVeceretere 14 78 98 65 64 
CO ama arocters secu aie teae ror reece tenais S06 10 sAlef( Sy orere 07 
Pine shit oo eeepc sstavece sre j.cae kote .95 3.83 3.02 1.63 2°36 
WGI OTe CaRiiet ar ancnetcuchcnsnstaraiarorsyctensrsis Sieiie 1.55 1.79 5.23 2.14 
Real estates tars, procera morse 3.26 2825 3.14 Sy 3.54 
DARING Syaoaacncsdcongqns5oud 2.29 1.51 2.64 4.14 ~ 2.65 
DGACEOR’ [atercsenstciaysiebsretetore etslieteketeuers 3m oly Svavees 1.85 .50 
MiSs cellame@ousiarsccie ici ct crercnete cies 05 Frys) 14 sits eal 
Overmea do scraserhecqersva cre enenaiter sree 2.66 3.08 3.61 6.47 3.95 
MotlioperatimencOstaa pence eee 25.01 30.92 38.09 53.17 386.80 
Interest vom! land yee. rie ere isons 12.88 11.24 13.57 24.23 15.48 
Motall Falls i@OStSivereae sasecacaieerce 37.89 42.16 51.66 77.40 52.28 
Valles ipereiCwitaawcers ctortertee- Perici eae 4.61 3.58 5.00 4.94 4.34 
Vises DCL VACHE: 2 cyeoraisteroie saieusteti sere 11.59 41.38 54.25 7.59 28.70 
Returns per acre: 
WVilGhOUtein TENGS Larrea ree —13.42 10.46 16.16 —45.58 —8.10 
WAtHRIN GENCST Mens. tcnsberae a ciererce cients —26.30 —.78 2.59 —69.81 —23.58 
Cost per cwt. : 
ViVobetnoohs SRI Gan nonocenoaaec 9.95 2.67 3.51 34.52 5.56 
Wit hyantenestia sence c.cparaeerere ere 15.07 3.65 4.76 50.26 T91 
a et a 


128 Ibs. per acre planted ; 87.80 acres planted ; 44.11 acres harvested. 
228 Ibs. per acre based on area planted. 


‘1. H. Summers, Colorado Extension Service. 
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In the absence of disease, pinto beans are a profitable crop. 


Table 31.—Yearly Average Cost Per Acre of Producing Seed Beans, 1924 to 1926 


Yearly 
1924 1925 1926 average 
PALDCT: (Ol. PATTING 52 leireiio, oro a s1-a1a) at a)jonsdiau sels tags eres 5 9 4 ASO 
PACTOS CAME SCLOP ce 5-6 wrsso veneers eases Hd. nee eels ochre 15.26 20.23 14.12 16.54 
NE AMEE SCTE, DISS. renee ey access anleie aie (eine eR eee 1,427 919 905 1,084 
BGC CT PELE So cra xo cielo, wies arlan’el Gye) aysietseiecesuevee 60 52 (a! 61 
PPAR ROUTS POR ACl Caracas c(sveilousc.alinekeeiaios ¥en 34.9 36.89 40.25 37.35 
ENGESeY OUTS: ER BCLE core ca ovate aie 6s) sere heiehous ole 2) (6) 50.0 35.22 43.90 43.04 
Cost per acre: 
IVEY VOT ts teats Savoccslloits = <o Cole kotst seis leodedarna te unions $12.59 $12.13 $13.18 $12.63 
EER LPI OR Maen aca ec veh oy a hace coral sade tt ete heaw seus, teaairs 8.91 6.11 5.84 6.95 
SCE Me Weds a ote Seales Boos ater ehe biel el atest me) SAS 2.88 2.57 3.48 2.98 
BUBSUVITIS Beg reget toy ato sate omancara he onakaretaiciamncoushan none hens .60 88 AG ys) .60 
MEO, eich vocals ‘ataicaicale' a: arariar abso feet fa..3/ SUP aouedal sce Bie Ail .04 .04 10 
PRET GRATIN EY co, ve ios) si oder's, oaateus ghee sk eu ore Vacacaraa oie ious 5.00 3.35 3.13 3.83 
Vi Wak REM th ae Been cies ee ICO IC oa Dae CnC 1.93 3.36 2.99 2.76 
RECO CSEALE LAR epien pin cor etal ate cte: tieishe ihe alors 2.50 2.96 3.19 3.01 
SYCRTER [I EVICRIS Micali. 5 oct's) shops as romeo epee a seife slo ne eo talere 3.10 2.00 2.49 2.53 
PAT AEO UIA CONES = ig sera reran 2 ae. eie alle k=) stp. Bebe Has Aw said) Alyy6 PY cl) 
VOT Be ec tie orate ots tos Seonataaae eek en ahe es os (eh 3.15 3.03 4.07 3.41 
LOCA MODETALINS, COBL akeiaiesiisis, sin ob ek amie tens 41.41 36.60 88.96 38.99 
ESET ES ry OTs LATIGE J 7. revausre ts telenetnve) Porous gaan oTstols <a fa 15.41 15.28 14.64 15.08 
REET AEM: SAHIOE © cto leo Mid in a iadre eS) 01a a Wieleukie 8088 56.82 51.80 53.60 54.07 
SAINTS Mba ota ole cal hella thsicet dive asa sual etapabell oie 4.56 4.88 4.89 4.74 
VIELE DICT (CLE cheno wl oles sisi syaesiora isvayelinuals eisssitasheL.s 65.10 44.84 44,25 51.40 
Returns per acre: 
WIEHOUU IMECEGRE vers mraetsnevelereieborersielalateiocs (yaks 23.69 8.24 5.29 12.41 
VLE etn GOMES tatotcns erat taietarsdors,-oloreloy ane cs te retate tons 8.28 —6.96 —9.35 —2.67 
Costs per ewt.: 
WAthOme AM CELest to:tcun ste ve ceetsuste hele teiecerane silerevs 2.90 3.98 4.30 3.40 
WY LL AER PERE gid, o wie clave sina sein ekeave us capa wie eve 4.56 5.64 5.92 4.99 


ats.— 1 J-Nve recoras were secured On Oats ¢ url g 1e 
Oats.—F ifty-fi | ed ts during the 6 
years. The average results each year are shown in Table 32. Each 
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year they failed to earn interest on the average investment in land. 
‘A few farms were able to grow oats at a profit, notably 12, 25 and 
38 These results were secured by men who had shown the ability 
to produce other crops at a profit when some of their neighbors 
were scarcely breaking even. But their profits were small. Oats 
have little to recommend them for wide use under conditions that 
obtain in this region. They do not yield as heavily as barley; are 
not as good a nurse crop for alfalfa; and apparently do not offer 
as much chance for profit. 

They do supply a certain need in furnishing feed for horses. 
Probably in this respect they are superior to barley, which is the 
more general horse feed, mainly because farmers do not like to 
bother with a few acres of oats just for the work stock. 


Table 32.—Average Yearly Cost Per Acre of Producing Oats, 1922 to 1927 


Yearly 
1922 1923 1924 1925 1926 1927 average 
INUmber Of PaArmMsi cs cere s 9 12 i 11 8 4 Mates 
Acres in crop harvested... 9.57 allot 14.67 AT 26 16.55 10.97 13:37 
Yield per acre, Ibs... . >... 1,892 1,906 1,798 1,887 DESPA 1,802 1,968.6 
Seed) per acre sear o- «ea 81 100 68 104 69 93 85.8 
Man hours per acre...... 17.20 13.26 sro 12.47 3.53 12.03 13.6 
Horse hours per acre..... 26.59 17.42 16.95 21.45 18.61 16.59 19.6 
TERA ClOR st .censtehemetencacrerone seus Stevens 16 states -20 vores erie .06 
Cost per acre: 
Man Vabor sae.accvesererstenetrs $ 5.82 $ 445 §$ 4.75 $ 4.44 $ 4.74 $ 3.42 $ 4.52 
Elorsenlapomeenrernci cers 4.67 2.63 2.56 3.54 2.80 Oe: 3.06 
S@@d rs sreescn ncnshews es scekice nee 1.14 1.09 2.0) 2.02 f (es 3 1.24 1.31 
Manure? Gierissiscsuste ores 1.92 1.94 2.48 4.50 3.54 2.79 2.86 
EE WANLGS so fepieite veices snteyattavlvons fousis AT 45 53 A9 60 40 49 
Coal Gein cranreicyrs aeeoe .39 15 .20 .10 .08 Raat 15 
Mb reshma cecususre terns 3.94 4,28 3.25 4.08 4.57 3.73 3.97 
Wiarlerart auxin. netareraeienewexs 1.40 .95 79 TLR 1.18 1.16 a len 33 
Realmestates tax rerdiectin: 3.78 20 2.62 3.21 2.75 3.33 3.08 
IQUE soasongdoes ae 34 .20 56 53 40 .24 .38 
IDG HON 55600000 a a 1.28 .69 .85 1,12 94 1.18 1.01 
PEE ACCOR ™ eatareie, a3) ests sae ee Sellers 19 eeoreke “Biduc .O7 ooo 04 
Miscellaneous ier siens ott 08 al i a20 41 .36 AP) 
Overhealdamprct ctanomieie slau 1.06 1.04 1.19 1.83 1.60 1.31 
Total operating cost...... 25.89 20.93 20.94 26.78 25.06 21.59 23.53 
Interest ons landa. eae 17.14 14.16 13.80 17.96 APART ASS 14.14 14.99 
Motal Salle COSTS awererste eters 43.03 85.09 34.74 44.74 37.82 35.73 38.52 
Wales persewilts-r crleiisiedee 1.48 1.42 1.66 1.53 1732 1.60 1.48 
Walle Per -aeren nso eee 27.06 27.06 29.85 28.87 33.36 28.83 29.17 
Returns per acre: 
Without interest ...... eG 6.13 8.91 2.09 8.30 7.24 5.64 
With interestie-pacn rere —15.97 —8.03 —4.89 —15.87 —4.46 —6.90 —9.35 
Cost per ewt.: 
Without interest ....... 1.37 1.10 USK 1.42 .99 1.20 1220 
WAtbun mM heres tee. eer 2.27 1.84 1.93 230 1.50 1.98 1.96 


ee Nee ee ee oe Be ie 


Wheat.—There was much variation in the importance of wheat 
in this area from year to year. Wheat is a cash crop that can be 


September, 1929 Costs on IrricaTep Farms 51 


Harvesting an excellent crop of oats. 


grown in place of other cash crops. When prices of wheat looked 
attractive, or prices of other crops did not look attractive, then more 
wheat was grown. In 1922 15 farms grew wheat. In 1924 only 2 
farms grew wheat. And, as such things have a habit of doing, 
the results in 1922 were the poorest and those in 1924 were the 
best. In 1922 nobody made money on wheat. 


In 1927, with yields 470 pounds per acre less than in 1926, 


Wheat serves as one of the minor cash crops in the Greeley area. 
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there was $3.12 more profit per acre. This was due to decreased 
costs in 1927. Less labor, less other costs, more than offset the re- 
duced yield. 

On the whole wheat has a place on these farms. It showed a 
profit 4 years out of 6 but averaged a loss for all records studied 
because the 2 years with a loss had such heavy losses. The price 
apparently should be at least $1.75 per 100 pounds or over $1.00 
per bushel before it offers much chance of profit. 


At the price of $1.75 per cwt. one must secure 37 bushels of 
marketable wheat in order to secure wages for himself and return 
for use of land. Wheat must be produced in competition with other 
sections of the United States which have comparative advantages 
in labor requirements, large scale machinery, less overhead, and a 
lower necessary return for use of land to keep the supply forth- 


Table 33.—Average Yearly Cost Per Acre of Producing Wheat, 1922 to 1927 


Yearly 
1922 1923 1924 1925 1926 1927 average 
Number of farms. ....... 15 12 2 9 9 4 epochs 
Acres in crop harvested... 27.44 STL 12.50 Te 20.14 17.65 19.21 
Wield per acre, Ibseeace ss 1,552 1,718 2,348 1,687 2,686 2,218 2,034.8 
Seed permacrermrsiicitrte 76 84 86 94 75 82 82.8 
Man hours per acre....... 113532 Tao 2 16.99 12.14 17.24 11.82 13.79 
Horse hours per acre..... 18.57 15.12 17.28 18.18 28.96 14.74 18.81 
Tractor hours per acre.... .08 xi int sis ies 19 .20 ores 10 
Costs per acre: 
Man tlabor users s)sis's $ 4.50 ~$ 3:82 $640) $445 S$) 6:3 7S 3:85 $ 4.84 
Eforse “labor sorpsrceiescterete 2.92 2.15 2.94 3.05 4.28 2.05 2.90 
Hauleconttactanerdeimeres siete otek .65 .06 .07 ~30 18 
SGOQ sec coateraus o.c-ecstecsssvesess 1.48 1.40 1.45 2.88 1.97 1.69 1.81 
Mam UT We ctetece sien crencd tes 2.40 1.66 3.29 4.23 3.94 22 8.61 
EWAN @™ 0a aay tiareaceateroraisne. 46 51 .52 40 -98 56 5T 
COR ial seicee shee oes a asears 20 eal “13 n23 .14 .08 LT 
Fires in omens step neraralte 2.72, 3.20 4.92 Seok 5.05 4.16 3.88 
Wiaterataxcys a crerieiccrercie 1.50 athis 67 78 1.01 15 AahT 
Real estate tax........ 3.14 2.96 2.88 3.08 3.30 3.05: 3.07 
BS Wil din SS wepentersrcteneterete ees ait .23 ailial .06 10 Shiece 13 
BUTI ONANS oa ooeotoacds 94 ale .96 1,22 1.62 97 1.07 
WEP ACCOR oes <cvlspousisieietis areca .20 14 iekeke alal 15 agents 10 
IMiscellaneoustsaceeoeieers 20 .06 ol .04 -o2 .55 .23 
Overheads. cer eter cit: 1.01 1.01 1.41 2 1.90 1.51 1.33 
Total operating cost...... 22.02 18.85 26.46 24.62 81.14 21.64 24.12 
Interest on land....... 14.86 14.44 10.45 Tefal? 15.45 13.40 14.29 
MotaleallTCOStstererreieiel sions 36.88 33.29 36.91 41.74 46.59 35.04 38.41 
Valles pers Gwite ers trornete 1.45 1.38 1:91 2.48 1.80 1.80 1.81 
AMIN, TSR HHO. Goodooann 22°50 23.01 44.85 41.84 48.35 39.92 36.86 
Returns per acre: 
Without interest ....... 48 4.86 18.38 A712 121 18.28 12.74 
Walbhm interests ser —14.38 —9.58 7.94 -10 1.76 4.88 —1.55 
Cost per cwt. : 
Without interest ...... 1.42 1.10 1.13 1.46 eliG 97 1.18 
Watheinterest) faces. sn 2.38 1.94 1.57 2.47 teiites 1.57 1.89 
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coming. Wheat has a limited place on the irrigated farms of Colo- 
rado, after sufficient feed crops are grown and where the soil is not 
adapted to some other crops and where a cash crop is desirable. 


The average yield has been, for the six years studied, about 33 
bushels, or 4 bushels less than necessary to pay all expenses of pro- 
duction. Yields on the heavier soils of Northern Colorado irrigated 


farms are reported well above this necessary profit yield of 37 
bushels. 


As a cash crop, wheat in this area is superior to barley. The 
demand for barley as a sheep and cattle feed, however, results in 
a larger acreage being grown. 


Corn.—Corn was not grown extensively any year, yet it was 
handled in many ways. One man grew silage corn every year. Some 
grew grain corn; some fed off the standing corn. In 1925 five men 
cut corn for fodder for sheep or cattle, two men grew popcorn. Be- 
cause of the small number of records in each case, the only figures 
shown are the average results for each method of handling. Even 
these are of doubtful value because of the small number of records. 
In the case of silage corn, the result comes nearer to what might 
be called normal, as a definite place in the rotation was assigned 
to corn, and it had an equal chance with other crops. But even 
here the averages are low on yield. Fodder corn or fed-off corn 
was more of a fill-in crop to take the place of some crop that had 
been originally planned for. 


The yield of silage corn shows as 8.09 tons per acre. This 
average is somewhat below normal, due to a low yield in 1925. The 


Inspecting a field of corn on a farm-management tour. 
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farm where corn silage was grown every year is in a state of high 
fertility. The cornfields were the equal of any in the neighbor- 
hood, yet the measured yield as shown by weight tables for settled 
silage never went above 9 tons except 1 year, when the average was 
10.16 tons. The value per ton for silage was $5.64, Compared to 
average alfalfa values this appears reasonable. Costs may appear 
high yet this same farm made a very good comparative showing in 
producing other crops. The conclusion is that silage does not pay 
in this region. Empty silos on some farms testify to the accuracy 
of this conclusion. 


Table 34.—Average Cost of Producing Corn—AIl Records 


Method of handling Grain Silage Fodder Fed-off Popcorn 
Number of records........ 3 8 5 ac 2 
Acres in crop harvested.... 7.67 12.98 17.63 16.29 21.19 
NHEMW FOE EXCH, Conca a Ge Ooo 2,251 Ibs. bey OS) a De 3.66 T 2 2,614 Ibs. 
Seed) per acre, lbs!=. =... 12.4 11.2 17.0 10.7 contract 
Man hours per acre....... 35.2 43.9 25.78 17.6 30.2 
Horse hours per acre...... 58.8 66.6 36.21 29.4 49.6 
Tractor hours per acre.... Bots Aitod 1.06 6 
Costs per acre: 
MEHIIENNE ooo omenocee5e LOL 12.30 6.98 5.93 11.36 
ELorse maori craic ck ses 10.15 9.23 5.63 4.95 9.75 
Hand "contract esmriistcet aMers eters eiaeeas sexes 7.94 
SOC Cite coreitetienaus ieraisusverevamerens 67 33 .82 51 contract 
IMA TAU ieenersnetews siexelexelsioete 2.51 6.15 6.41 1.46 4.45 
wilt epiea ty teas oct ete ncreretele?s eyeisre 63 14 Severe otorete 
SA CKSi ses cacteuste, eusrsicisacievarecs Aeros aretone Sooo os -T1 
SPATE SHIM Seer hevael custo .93 Mies Ss oud avawexe AreIe.S 
Wisi ter: Hts ieee tieesereis ere 1.33 1.63 2.30 1.28 1.82 
Real estate tax:........ 3.68 3.41 2.97 ate) 2.18 
Buildin'gcmaee-ie cracreiererens .62 4.53 Sone Sievers .85 
Hquipment) Gee cciie eee 2.49 3.67 2.82 1.91 yssaltsy 
TBRACTOR, (atacs esssevs a ojeueseoehs Aon SEO 58 67 
Miscellaneous’ 2.255... < OG 2.80 .03 .09 Sas 
Ovierheddalrr aioe tee 2.99 3.56 2.26 1.52 4.22 
Total operating cost....... 36.3 48.24 30.94 20.71 45.438 
Interest son landergwcie ers 17.13 15.99 13.08 15.25 9.44 
OCA a COSUS reuscieneieiet ee 53.47 64.23 44.02 35.96 54.87 
Value per ewt. or ton..... 1.30 5.64 8.48 par 2.82 
Vialltlemn Cranach @arecrersenciciehere 29.26 47.761 31.02 24.122 73.74 
Returns per acre: 
Without interest ....... —7.08 —.48 .08 3.41 28:31 
NWwiithieintenes tenses pare —24.21 —16.47 —13.00 —11.84 18.87 
Cost per ewt. or ton: 
Without interest ....... OIL Ovens 8.46 reas 1.74 
Whithy interesiti scenes 2.30 9.123 12.02 coenets 2.10 


ee 


1154 Ibs. grain per acre picked before silo filled. Includcd in value per acre. Silage 
only $45.62 per acre. 


7103 Ibs. grain per acre picked before fed-off included in value per acre. 
®Net after value of grain deducted. 
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Corn for grain averaged 2,251 pounds per acre or about 40 
bushels. Good irrigated land is capable of yields much above this 
figure. Conservative opinion in the region claims that the yields 
shown here are about the same as yields of 10 tons of beets. If 
that is the case, 60 to 75 bushels of corn would be entirely within 
the possibilities where the same care is given that results in 15 to 
20 tons of beets. 


The question might arise as to whether barley or corn is the 
more profitable to grow. It is not so much a question of profitable- 
ness as it is a question of labor distribution. Corn cultivating in- 
terferes with beet and potato labor. Corn planting and harvesting 
tends to increase the peak load of labor in May and September. 
Furthermore, corn land requires additional labor over what barley 
land would for succeeding crops such as beets in that discing the 
corn row is necessary before plowing. 


The cost of growing corn for pasture was $20.71 per acre with- 
out any charge for interest. It was valued at about $24 per acre, 
leaving only $3.41 return for the use of land. 


Popcorn proved profitable on the two records shown. This is 
a poor guide to the future, as the market is easily flooded with 
popcorn. However, at prices of 2 cents per pound or better pop- 
corn will give a fair return if these yields are normal. 


Miscellaneous Crops.—Fourteen records on cabbage showed 
this crop to be profitable over a period of years. In 1922, 1923 and 
1926 the cabbage crop resulted in a loss. These were all years of 
low prices. Whenever prices were 50 cents per 100 pounds or better 


When cabbage is transplanted, immediate irrigation is necessary, 


56 CoLorApO EXPERIMENT STATION Bul. 353 


the crop returned a profit. The average yield on these records 
was nearly 12 tons per acre and the price a little over $10.00 per ton. 


The high charge for hand contract labor is due to the method 
of handling the crop. In many instances the cabbage crop was 
rented out to someone who would do all the hand work and receive 
a share of the crop. For all records this share amounted to $47.75 
per acre listed as contract labor. If this is deducted from $93.84, 
it gives $46.09 per acre as the operating cost to the owner and sim- 
ilarly $60.84 as the total cost. 

Six records on canning factory peas gave a net profit per acre 
of $1.66. Four of the records failed to pay expenses, the other 
two made enough to offset the four and show an average profit for 
all, records. The yield per acre on these two records was 2,370 
pounds shelled peas per acre compared to 1,604 pounds for all rec- 
ords. The price was $3.64 per cwt., compared to a price of about 
$2.50 per 100 pounds other years. 


The average cost per acre on all records was $47.61 or approx- 
imately $3.00 per hundred for a 1,604-pound yield. 


Table 35.—Average Cost Per Acre of Producing Cabbage 
and Peas—All Records 


Crop Cabbage Peas 
INTIIMDEraOL sReCOLdShatersnetsienersucnceen een erenels 14 6 
ACreS ins” CLO DD ateesachactrsontencichshemed sroneucre 9.16 16.26 
Wield per aera bss emmrncccacte oe ooietie 23,4711 1,604 
Seediper acres actiemew acetate acres were 90 
Mani hours pereaerennicnee aes ciusiersicisneiers 43.77 17.6 
Horseehoursieap Crea Chery raat eae re 67.50 Bone 
Tractor Ours sper aeLerins siereretenieteierte 55 
Costs per acre: 
Ran: VAPOR Fare terete stor oho senpeval ace euaietenerey one $15.07 $ 6.08 
Horsee labore, cre susie srsve ities obec vrerorerare T.12 5.62 
Elan dncomtractivs saci sie oe eat ceceie rae 47.75 6.07 
Haul} contracts -sirec casera e eiskorne rere .06 Ohi 
DEG acne cies cries cuewsesseus ivy nst eovuere beret om toasters 3.12 5.52 
MANULEG’: cris ctaneenisreveuers treks auetiece a eae 5.32 .32 
W ater tax no iscsi cleuites aus anenene teretevsnenctons 1.81 126 
Realvestate. tax. pomatenrecwercree ere 2.87 2.87 
Hquipment sia: stevie cterem ay wenevor eee 3.10 1.46 
TTA ClOR: “sac avs me akebaieezctanencrse me neraet tere 52 REG 
DE UWCkss seis ssc sre aceiies sieves tenerersnsbeeiee homenere 1.24 icles 
Miscellaneous: cic cera eaetenrerenenenere OT .3 
Overhend’ ...tcauva conse mnie 4.69 2.08 
UO Tie AhNA COSn oe oacooooMooba4 6 93.84 31.62 
Interest on Mlamd! yer retrenwereye cere 14.75 15.98 
TOC ES sll COSUS horns merci accor ree eee 108.59 47.61 
Via ue per Cryitsepenamiencmener cicero eee 584 3.07 
Valuer per acre.....c sete eee ene 116.65 49.27 
Returns per acre; 
Without ante nes tecrems iceman eerie 22.81 17.65 
With) interest: yucca ee cer tee eee eee ames 8.06 1.66 
Cost per ewt.: 
WiAthouthinteres tei eieiert ice tiaras 430 1.97 
With, interesty.c nee eee iene ADT 2.97 


*Based on 13 farms. On one farm no yield was reported. 
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Using a pea divider previous to harvest. 


It would appear from these few records that yields of over 
2,000 pounds per acre or prices of 3 cents per pound or better, were 
necessary in order to insure a profit on peas. Both of these are 
within the range of possibility. Hence the crop is worthy of more 
attention than it has had in previous years. 


One decided advantage of the crop is the time of harvest. It 


Trucks may enlarge the area over which peas may be grown, 
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brings in a cash income early in the summer when there is very 
little money coming in on the average farm. 

Peas must be grown in relatively close proximity to the can- 
ning factory and therefore cannot be grown over a very large area. 

The culture of peas, due to early harvest, allows the land to be 
double cropped, providing a feed crop cut for hay is grown. Cane 
or sudan grass or millet is an excellent combination with the pea 
crop. 

Harvesting of peas is generally done by the canning factory 
except the cutting or pulling. Harvesting does, however, come at 
the same time as first cutting of alfalfa. Late peas do not interfere 
except with cultivation and irrigation of other crops. 


1928 Crops.—The costs for 1928 for the important crops are 
shown in Table 36. The largest number of farms with complete 
costs for any one crop was six, hence the results for 1928 were not 
given equal weight in the averages previously discussed. The rec- 
ords are included here for comparison only. On the whole these 
results for 1928 agree closely with the records previously discussed. 
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Returns Per Hour of Man Labor.—In all the previous discus- 
sions the returns from each crop have been shown on an acre basis. 
To a farmer seeking the most profitable use of his time it is equally 
important to know which crop gives the best pay per hour for the 
time spent upon it. 

Table 37 shows the average returns per man hour for the im- 
portant crops based on the average for 6 years, 1922 to 1927. Sugar 
beets paid $.9464 per hour; potatoes, $.5898; and cabbage, $.5284. 


The significant thing about this table is the fact that, with 
the exception of barley, oats and pinto beans, every crop in this 
list gave some return per hour for the time spent on it. Where 
these crops can be grown without adding directly to the demand 
for more labor expenses, they offer some return for time that might 
otherwise be unused. Hence the total farm income will be in- 
creased altho it will be done at a low rate per hour for these 
particular crops such as alfalfa, seed beans and wheat. 


For comparative purposes the net profit above all costs is shown 
for each crop in the last column. There were only four crops that 
paid all costs including interest and left a profit. 


Table 37.—Average Returns Per Hour Man Labor for Important Crops 


Return Hours Return Net 

per acre per acre per hour profit 

for use man man per 
Crop labor labor labor acre 
Potatoes aya Screener, arcicuers me iaieie $31.52 53.44 $.5898 $13.63 
SUSATHDCSUS ee -qauerenetorerenereucteretererses 38.51 40.69 .9464 25.50 
Boarleyy tae sc reiateeske cc aeke rs oraeteusiers —3.12 14.10 —.2212 —T.75 
Alfalfa ois scccc says nee sie Se oe ws os 1.13 16.17 .0698 —4,22 
Beans, SCCM tran cc eee cisreteione 9.96 37.35 -2666 —2.67 
Beans, Pinto! csiacresversiecsereisien e —11.18 38.53 —.2901 —23.58 
Oats AAictomieisisse eines ciate seen —4.83 13.60 —.3551 —9.35 
Wiha tesagercieist ctopetatensteisrshorsie aieve ove 3.29 13.79 -2385 —1.55 
Cabbage mia cierccis\cisneetrrroenecte 23.13 43.77 .5284 8.06 
ROU Wocee molester ovcic volovsuenecal siciete Mates V.74 17.60 4397 1.66 


Influence of Livestock on Crop Returns.—In the discussion of 
each crop in the preceding pages, no mention was made of any pos- 
sible revenue from the straw, stubble or other waste products. As 
a matter of fact these crop residues are pastured by livestock in 
many instances. The value of sugar-beet tops was estimated to be 
from $1.25 per acre up to $7.00 per acre in different years. The 
average on 85 percent of the beet crop was $4.19 per acre. For 
the 6 years, 1922 to 1927, the value of beet tops per acre in beets 
harvested was $3.55. Hence $3.55 should be added to the returns 
per acre shown. 


Similarly the men estimated that alfalfa and grain-stubble 
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pasture was worth $.95 per acre for all farms. And the value of 
straw used for feeders amounted to $.30 per acre in grain. These 
pasture and feed values should be added to the return per acre of 
grain, and the pasture value of $.95 should be added to the return 
per acre of alfalfa if one desires the total income from all sources 
from crops. 

In the case of alfalfa and barley, livestock are largely respon- 
sible for the values placed on these crops. In years when few feeder 
sheep or cattle are fed in the area alfalfa drops to less than $7.00 
per ton. When feeding is normal, the price goes above $15.00 per 
ton. Sale prices each year were used in showing the returns from 
crops. 


Hours of Labor Used on Important Crops by Operations.— 
In the previous discussion of each crop the time required per acre 
has been shown as an average for each year and then a yearly 
average. In the following table the records for 6 years have been 
totalled and the labor on each crop for the period shown by opera- 
tions. It will be noted that the total hours of labor per acre differ 
slightly in this table from that shown in the previous tables. Each 
acre is counted as one in getting these totals. Each year is counted 
as one in the other tables. To aid in comparison the time is shown 
as a sub-total up to harvest, then harvesting and marketing are 
shown separately. 

The time actually spent manuring each crop is shown at the 
bottom and a new total given which includes manure. As previously 
noted, the cost of manuring crops on these farms was charged to 
each crop in proportion to the fertility removed, rather than in 
proportion to the time and manure directly used on each crop. 
Potatoes, sugar beets, corn and beans in the order named had the 
most time spent on them in applying manure. The number of 
records on cabbage was too small to separate them into two groups 
according to the method of handling the crop. An average com- 
posed of records where the farmer did all the work on cabbage 
along with records where the crop was rented out, would give a 
result with little meaning, consequently no labor figures are shown 
on cabbage. Actually more time was spent per acre applying ma- 
nure to cabbage than to any other crop. 

Some variation occurs between different crops for the same 
operation. This is due partly to the fact that the figures shown 
are based upon the entire acreage, while for some crops only part 
of the acreage was covered. In other cases there was a variation in 
the number of times the task was performed. 

For example, plowing was a universal practice for potatoes. 
The average showed 4.7 man and 18.2 horse hours together with 
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0.5 tractor hours. Only a few men had tractors, and the time on 
their farms was not kept separate from the other farms. The time 
per acre plowing for beets was about one-half as much as for pota- 
toes, because not over one-half of the land was plowed. More time 
was spent cultivating potatoes than beets. The time shown irri- 
gating also includes the time cleaning and opening ditches, which 
explains the horse hours under this heading. Alfalfa and grain 
crops show about one-half as much time irrigating as was the case 
with beets and potatoes. 
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Variations in Method of Handling Corn.—In the case of corn, 
the record given is up to harvest. All methods of handling corn 
are included, as there was little change in practice up to harvest 
regardless of how the crop was harvested. If corn was fed off, 
the extra labor would be charged to the livestock. On 86 acres 
of grain corn and 104 acres of silage corn the time spent in harvest 
was as follows: 


Table 39.—Comparison of Hours Per Acre on Grain 
and Silage Corn 


Hours per acre 


Man Horse 

Harvesting 

Cnpphe Goad acsannoadooneacuoon0cds 12.36 13.41 

SHERI COON Guongoodudodooonsodd 56 18.76 19.76 
Total except manure? 

GPAaiN) COLNE sees era onoeraevenetelenersierars 30.71 48.69 

Silagericornlp ctrl erachonsee skein ate SCLL 55.04 
Total including manure? 

Grain COEN ma iessetiecccshes Canis ceoeeseatcn ses 33.63 35.30 

Silagercorm =. accents aor iesenereaneneteds 40.13 61.85 


Rotations 


The area of crops grown on all the farms included in this study 
indicates that about one-third of the crop area was in alfalfa, one- 
third equally divided between potatoes and beets, and one-third in 
grain and miscellaneous crops. This means a 6-year rotation 
Actually many farmers leave their alfalfa in one field as long as it 
yields anything at all and alternate their other crops in the balance 
of the fields until a new seeding of alfalfa is necessary. 


It would be a wiser policy to keep alfalfa only 3 years and 
change the other crops more frequently. The failures of alfalfa 
seeding during the past few years have raised a question in the 
minds-of farmers and students of farming as to how we can assure 
better success in the future. Better alfalfa seed; thinner seeding of 
nurse crop; irrigating so that seedling alfalfa plants are not left in 
soil too dry for their continued growth after the grain is har- 
vested; keeping livestock off newly seeded alfalfa until the plants 
are firmly rooted; all these are necessary to secure good stands of 
alfalfa. 

With these things in mind, experience in the region strongly 
recommends the following rotation: Alfalfa 3 years followed by 
potatoes, then by beets, then by grain reseeded to alfalfa. This 
gives one-half of the land in alfalfa. Where feeding is not favored 


‘Harvesting time plus hours up to harvest for all corn of 18.35 man hours and 
35.26 horse hours. 


7Includes 2.92 man hours and 6.81 horse hours per acre manuring all corn. 
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and more reliance must be placed upon cash crops, it seems that 
this rotation might be lengthened to alfalfa, 3 years; potatoes, 
1 year; beets, 1 year; grain or beans, 1 year; beets, 1 year; and 
grain, 1 year, reseeded to alfalfa. This gives an 8-year rotation. 
When this rotation is followed it will be well to include a seeding 
of sweet clover in the grain crop between the two beet crops to 
furnish green manure for the second beet crop. 


Where the new seeding of alfalfa fails and thus reduces the 
area of hay planned on for the next year, farmers are finding that 
cane, sudan or corn give a large amount of roughage. Men who 
shred corn fodder claim that it is an excellent feed when combined 
with alfalfa and concentrates. 


Shredding corn fodder for cattle feed. 


If the conditions at planting time are not favorable for sugar 
beets, cabbage or beans may be substituted for part of this acreage. 


Potatoes are especially suited to the crop rotation systems in 
the area of Northern Colorado included in this study. Alfalfa is 
the principal hay crop. About every 3 years alfalfa must be 
plowed. The land has rested, so to speak, and is reasonably free from 
disease. The lateness with which potatoes may be planted allows 
for considerable green manure to be plowed under. ‘This is ideal 
for potatoes, which respond to disease-free soil and green manures. 
The value of potatoes in rotation is still further realized the fol- 
lowing year where beets may be planted on potato land without 
the necessity of plowing. Early seeding of beets can be accom- 
plished, which increases the beet yield. 

To find the effect of different rotations on returns, the per- 
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centage of cash and non-cash items of cost as previously discussed 
for the year 1926 were used as a basis and applied to the 5-year 
period, 1922 to 1926, inclusive. All costs except the farmer’s own 
time were considered, and the return from the entire rotation was 
expressed as pay per hour for the farmer’s time. The use of alfalfa, 
barley and other feed crops for feeding sheep or cattle and the 
possibility of extra profit from this source was not included. The 
figures were confined to the crop returns at 5-year average crop 
values. The results for different rotations are as follows: 


Table 40.—Dffect of Rotation upon Pay for Farmer’s Time, 
Estimated from 5-Year Average Yields and Prices 


No. years Pay per hour 


in for farmer’s 

Crop rotation own time 
AUP AIPA re ielesenerersneelehereteranecscotersieye 3 

POtALOEST ca cere crerehogsroreaseseneuersne tans “al 

BOGUS. 6 cisiey citar DOO ele el wie oatete tes 2 $.891 
We aitie arccnsteneterens ereusnskerereusvouuenate 1 

ATP AM Bete ec secoraneh anstiete nay sRareipnoleeeeete 3 

MIAVGHE oto. gocconoameann CouDuaOO ul 

BeGts? ha cexstaueverssscetern arereicrepe sve herve 2 $.807 
Barle yin nauentoven seer taneieretatieee ist ovevcren 1 

Alfalfa, y Vi oeatects om sisineiecionce ae 3 

PO taCO CSU mrerrotsneroion tele eneust neers tenet if 

IB GEUSY sc, anecceslcustene tetsu neushedeng Steuer onerere 1 

BANS: te:c2. op teascet er teleneussthe sae erie eae 1 $.7821 
BOCES ea iste vise enspetn nearer etersuareneioieret's ft 

Barley) 2) ssustsciem eracreararsiaisisiavecsoers 1 


1By putting in wheat for beans this becomes $.781. 


Controllable vs. Uncontrollable Factors 


In all the previous discussion, comment has been made fre- 
quently showing the reasons why the growing of some crop resulted 
in a profit or a loss. These reasons might be summarized into two 
groups: First, those which the farmer can control, and second, 
those-that are outside his immediate control. Some of the more 
important factors which are largely under the farmer’s control 
are seed, cultural practices, timeliness of operations, use of irriga- 
tion water and productive capacity of the farm. 

A factor that is important in affecting yield is that of pure 
seed. The effect of pure seed free from disease was clearly shown 
on farm 13 in 1928. One field of potatoes of home-grown stock 
yielded 6,500 pounds per acre, while certified seed free from disease 
yielded 10,500 pounds per acre. 

It is within the power of every farmer to secure pure, clean 
seed, free from disease, for planting. The difference between profit 
and loss per acre may be due entirely to seed used. Inasmuch as 
seed is one of the important factors affecting yield, serious attention 
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The harrow aids in making a fine seedbed. 


should be given in selecting the proper varieties which are true to 
type and free from disease. 


Cultural Practice and Timeliness of Operations 


Some farmers have their machinery ready for the field with 
all repairs and adjustments made so there will be no delay with 
the farm work. Some watch every crop and do their work when 
the most can be accomplished with the least effort. One case not 
included in these records, but on a neighboring farm, shows the 
difference between men. 

In the fall of 1925 when potato prices were high and going 
higher, this farmer neglected potato digging for a week while he 
went on a hunting and fishing expedition. Then the heavy freeze 
came and he lost much of his crop. Other men were using two 
potato diggers to harvest their crop at a price seldom secured. 

Other examples of doing work when it counts are: Planting 
beets early; cultivating when weeds are small; irrigating to keep 
crops growing at their maximum. 


Productive Capacity of the Soil 


Farmers who use manure, rotate their crops and make every 
effort to improve their land, such as leveling for better use of 
water, draining low spots or filling them in, find that their crop 
yields tend to improve. 

With few exceptions the soil in this region is fertile and adapted 
to producing good crops. Yet the yields secured today are to a 
large degree due to the methods of handling the soil to build up 
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its content of organic matter and to make it more responsive to 
irrigation. 

Of the uncontrollable factors little need be said. The weather 
comes and goes. Hail hits or misses the individual farm; frost 
kills the crops; rain delays spring work; prices rise and fall. Yet 
even here there is a chance for reducing the severity of these ad- 
verse conditions. Crops can be selected that are resistant to hail, 
or that mature early and avoid frost. Tractors can be used day 
and night to offset a late wet spring. 

Prices are a problem and a study in themselves. Space does 
not permit a thoro analysis of this factor, yet it outweighs all 
-others in its direct bearing on profit or loss. Several things should 
be studied closely by the individual farmer. First, what is the 
trend of prices. The chart of potato prices shows how they have 
fluctuated during the period of this study. First low, then high, 
it may be taken for granted that prices seldom remain the same. 
They are either getting better or worse. Hence the need for study 
to see what way they are headed and to find if there is anything 
that will change their direction. Government reports are the best 
guide for such a study. 

Next is the question of foreign competition. Here the indi- 
vidual farmer is largely helpless unless he has political power suf- 
ficient to cause a change in the tariff to protect him, as is necessary 
with sugar beets. Failing in this move, the only recourse to meet 
foreign competition is to adapt and change the crops and methods 
of farming. 

But above all other things in its importance in connection 
with price is the problem of when to sell. Farmers should learn 
to sell on a rising market. What do they actually do? Try to 
hold for the top price so they will make every possible profit! 
How does it usually work out? They never know when the top is 
reached. The price begins to fall. Then panic comes and they 
dump their crops, thus forcing prices farther down and resulting 
in more panic. Many instances of this could be cited from these 
records, especially with potatoes. 

To sum up the problems of price: It would appear the part 
of wisdom to decide upon the rotation and crops that are adapted 
to one’s location and soil, then keep to this plan over a period of 
years. If some great change in prices seems unavoidable, it might 
be advisable to make some modifications in acreage to result in an 
increased acreage when prices are high or a reduced acreage when 
prices are low. That is a hard thing to do. Few men can do it. 
Most are better off to ignore cycles of prices and grow the crop 
every year, or not at all. 
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WEEKLY SUMMARY OF CARLOAD SHIPMENTS OF 
POTATOES BY STATES 
Three-Season Average, 1922- 23—1924-25 
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Colorado competes with other important states in the time of marketing potatoes 
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Conclusion 


The value of such data as are found in this bulletin is in aiding 
in individual farm operator in attempting to become more familiar 
vith his own business enterprise. 

The hours of man and horse labor can be used in planning 
he farm program. It has been pointed out that labor require- 
nents vary between farms and between years. Reasons have been 
riven for such variation, as to methods employed. Low labor re- 
juirements are generally associated with managerial ability of 
he farmer, able and skillful employees, large-sized units both in 
machinery and power units, and a tentative but carefully laid out 
arm program. 

Any individual farmer applying these results should make 
llowance for conditions which exist under his particular environ- 
nent different from those included in this study. He should also 
nake allowance for his inability to use any of the methods of labor 
conomy employed by others. After having made due allowance 
or non-similar conditions, the farmer may use these facts pre- 
ented in this bulletin in determining his labor program and his 
ropping system. His object should be to so combine the crop and 
ivestock enterprises as to make full utilization of his own labor 
nd a reasonable amount of hired labor. The planning of a labor 
rogram will help to distribute the labor evenly thruout the 
ear, avoiding peak loads and thereby high-priced labor. Doing 
hose operations on crops and livestock which are pertinent to in- 
reased yields or economy of production should be the guide in 
hoosing what to do and when to do it. 

In other words, a seasonal distribution of labor should be the 
im of all producers. How to secure a well-distributed labor pro- 
ram is partly determined by the crops that are included in the 
otation and the sequence in which they follow each other. In 
hoosing crops to be included one must determine what proportion 
f the farm should be included in row crops, in non-cultivated 
rops and in feed crops and cash crops. 

This problem becomes interrelated then with what livestock 
rogram to follow consistently. How much livestock to keep and 
hat kinds must be determined. A proper balance of crops will 
educe the work stock to a minimum and at the same time result 
n a maximum net income. 

Day to day planning of labor becomes necessary after laying 
ut the whole labor and enterprise schemes. Some tasks must be 
erformed every day, others may be shifted to periods when the 
ork is not so pressing. Here again a knowledge of sequence 
f crops work is pertinent to economical planning. Weather may 


72 CoLtorApO EXPERIMENT STATION Bul. 353 


interfere and then it becomes necessary to choose the crops which 
will return the greatest income for any given operation. 

Relative labor requirements and relative expenses of produc- 
tion are invaluable to an enterprising farmer who desires to secure 
a comparative advantage over other producers. 

The time is here when each and every producer must realize 
that those who are dominated by economic motives are those who 
will attempt to seek the largest net return from their business. 
Every man has under his control such things as the securing of 
the best seed, proper rotation of crops, use of farm manure, proper 
irrigation, work done at the right time. The old adage, “the eye 
of the master fattens the cattle,” is equally true in the case of crops. 
The eye of the master does raise better crops at lower costs. 

What hope do these records offer to the man who has been 
unsuccessful in past years? Can these records help him? Yes 
and no. No, if he cares not how things are done. Yes, if he is 
seeking for ways to increase his income. Why were his yields low? 
Why were his costs high? Why did he waste so large a percent- 
age of his crop? Why did his alfalfa seeding fail? Are there 
things which he has left undone? If so, the fact that others in 
the same region have found a way to do better than he means that, 
within reason, possibly he, too, can change for the better. 

What farming in the future needs more than all else is an alert, 
keen, businesslike supervision by the men on the job. <A willing- 
ness to learn by experience! A willingness to exchange views, to 
seek ever for better methods! 

Is it true that we irrigate our potatoes too late in the fall, 
thus injuring their quality ? Then there is something to think about. 
Is it true that we have assumed that alfalfa seed from anywhere 
will grow under any kind of care? Then here is a chance to im- 
prove our stand and our yields. Is it true that we have overlooked 
the possibilities of permanent pastures? Then here is a way to 
get returns from our land with less expense. 

The value of these cost figures is not so much a matter of their 
accuracy or their permanency as it is a matter of challenge to our 
ways of farming. If they do no more than cause us to search our 
own methods and seek for better ways, they have done their part 
toward improving the farming situation. 

At all events they represent a starting point. One thing is 
sure, they are based on detailed records, kept as carefully as pos- 
sible by men in sympathy with the study of farming, checked and 
calculated by men seeking knowledge of better practices and lower 
costs. They should stimulate further study by each individual 
farmer. They should be used as a guide and a starting point by 
one studying his own business. ; 
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WEEKLY SUMMARY OF CARLOAD SHIPMENTS OF 
POTATOES BY STATES 
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Conclusion 


The value of such data as are found in this bulletin is in aiding 
an individual farm operator in attempting to become more familiar 
with his own business enterprise. 

The hours of man and horse labor can be used in planning 
the farm program. It has been pointed out that labor require- 
ments vary between farms and between years. Reasons have been 
given for such variation, as to methods employed. Low labor re- 
quirements are generally associated with managerial ability of 
the farmer, able and skillful employees, large-sized units both in 
machinery and power units, and a tentative but carefully laid out 
farm program. 

Any individual farmer applying these results should make 
allowance for conditions which exist under his particular environ- 
ment different from those included in this study. He should also 
make allowance for his inability to use any of the methods of labor 
economy employed by others. After having made due allowance 
for non-similar conditions, the farmer may use these facts pre- 
sented in this bulletin in determining his labor program and his 
cropping system. His object should be to so combine the crop and 
livestock enterprises as to make full utilization of his own labor 
and a reasonable amount of hired labor. The planning of a labor 
program will help to distribute the labor evenly thruout the 
year, avoiding peak loads and thereby high-priced labor. Doing 
those operations on crops and livestock which are pertinent to in- 
creased yields or economy of production should be the guide in 
choosing what to do and when to do it. 

In other words, a seasonal distribution of labor should be the 
aim of all producers. How to secure a well-distributed labor pro- 
gram is partly determined by the crops that are included in the 
rotation and the sequence in which they follow each other. In 
choosing crops to be included one must determine what proportion 
of the farm should be included in row crops, in non-cultivated 
crops and in feed crops and cash crops. 

This problem becomes interrelated then with what livestock 
program to follow consistently. How much livestock to keep and 
what kinds must be determined. A proper balance of crops will 
reduce the work stock to a minimum and at the same time result 
in a maximum net income. 

Day to day planning of labor becomes necessary after laying 
out the whole labor and enterprise schemes. Some tasks must be 
performed every day, others may be shifted to periods when the 
work is not so pressing. Here again a knowledge of sequence 
of crops work is pertinent to economical planning. Weather may 
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interfere and then it becomes necessary to choose the crops which 
will return the greatest income for any given operation. 

Relative labor requirements and relative expenses of produc- 
tion are invaluable to an enterprising farmer who desires to secure 
a comparative advantage over other producers. 

The time is here when each and every producer must realize 
that those who are dominated by economic motives are those who 
will attempt to seek the largest net return from their business. 
Every man has under his control such things as the securing of 
the best seed, proper rotation of crops, use of farm manure, proper 
irrigation, work done at the right time. The old adage, “the eye 
of the master fattens the cattle,” is equally true in the case of crops. 
The eye of the master does raise better crops at lower costs. 

What hope do these records offer to the man who has been 
unsuccessful in past years? Can these records help him? Yes 
and no. No, if he cares not how things are done. Yes, if he is 
seeking for ways to increase his income. Why were his yields low? 
Why were his costs high? Why did he waste so large a percent- 
age of his crop? Why did his alfalfa seeding fail? Are there 
things which he has left undone? If so, the fact that others in 
the same region have found a way to do better than he means that, 
within reason, possibly he, too, can change for the better. 

What farming in the future needs more than all else is an alert, 
keen, businesslike supervision by the men on the job. A willing- 
ness to learn by experience! A willingness to exchange views, to 
seek ever for better methods! 

Is it true that we irrigate our potatoes too late in the fall, 
thus injuring their quality? Then there is something to think about. 
Is it true that we have assumed that alfalfa seed from anywhere 
will grow under any kind of care? Then here is a chance to im- 
prove our stand and our yields. Is it true that we have overlooked 
the possibilities of permanent pastures? Then here is a way to 
get returns from our land with less expense. 

The value of these cost figures is not so much a matter of their 
accuracy or their permanency as it is a matter of challenge to our 
ways of farming. If they do no more than cause us to search our 
own methods and seek for better ways, they have done their part 
toward improving the farming situation. 

At all events they represent a starting point. One thing is 
sure, they are based on detailed records, kept as carefully as pos- 
sible by men in sympathy with the study of farming, checked and 
calculated by men seeking knowledge of better practices and lower 
costs. They should stimulate further study by each individual 
farmer. They should be used as a guide and a starting point by 
one studying his own business. 
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SOME FACTORS RELATING TO THE 


PPERINGsHAbiS Or GRASSHOPPERS 
WITH SPECIAL REFERENCE TO 


MELANOPLUS BIVITTATUS 


By GEORGE S. LANGFORD 


These studies were made for the purpose of determining 
the effect of such factors as temperature, light, darkness and 
food plant upon grasshoppers, and their relation to control. 

An intimate study of individual grasshoppers thru their 
life histories shows that temperature is apparently one of the 
most important factors regulating their rate of growth and daily 
activities, particularly the amount of food consumed daily. Such 
factors as light, darkness and the kind of food eaten appear to 
have little or no influence on the rate of development. The kind 
of food eaten determines the volume eaten and the number of 
times feeding occurs. 

Normal activities occur between temperatures of 68 to 100 
degrees F. A range of from 98 to 100 degrees in temperature 
appears to be the optimum. Grasshoppers react positively to 
this temperature range, and if maintained in it they will develop 
more rapidly and consume larger amounts of food than if main- 
tained at a lower constant temperature. Temperatures above 
105 degrees F. produce noticeable abnormal activities. Pro- 
longed exposure to a temperature of 120 degrees F. will produce 
death. The physiological mechanism of grasshoppers is such 
as to carry them over relatively long periods without food or 
water when the temperature is low. At a low constant temper- 
ature of approximately 38 degrees F. they can live without food 
or water for a period of 192 to 240 or more hours, while at a 
constant temperature of 95 degrees F. death occurs in from 48 
to 72 hours. By regulating the temperature under which a 
grasshopper is developing, the time required from the first instar 
to the adult may be varied from 30 days to more than 4 months. 
Grasshoppers moult from 5 to 7 times. Grasshoppers moulting 
the greatest number of times appear to be largest in size. 

Grasshoppers apparently do not lay eggs when the air tem- 
perature is below 69 degrees F. or the soil temperature 65 de- 
grees F. Egg laying has been observed to take place under 
rather variable moisture conditions, eggs being deposited in san- 
dy soil when the soil moisture content varied from 9.77 to 20 
percent. 

When a temperature of 68 to 100 degrees F. is obtainable, 
feeding normally occurs thruout the entire day. The heaviest 
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feeding period occurs during the warmer portions of the day. 
This is indicated by the number of individuals feeding, the 
amount of food eaten, and the number of times feeding occurs. 
Normally, feeding does not cease during the hot portion of the 
day regardless of the temperature recorded by the weather-bu- 
reau method. If favorable, grasshoppers react to the environ- 
ment where the temperature is at the optimum or nearly so and 
continue to feed. 

The amount of food consumed daily per individual varies 
with the daily temperature. For lettuce it may vary from noth- 
ing at 55 degrees F. to 11.3 square inches for a 24-hour day at 
95 degrees F. First instar nymphs eat from .02 to .14 square 
inches of lettuce each day depending upon the temperature and 
age of the grasshopper. As moulting takes place the amount 
of food eaten increases rapidly, in fact it almost doubles with 
each instar. Immature forms eat much less than adults. Adult 
females eat from 2 to 7.5 square inches of lettuce during a 12- 
hour day and on an average of 2.5 times more than males of the 
same species, under the same temperature conditions. Adult 
females eat daily more than 100 times as much as first-instar 
nymphs. There is considerable variation in the daily feeding 
activities. Individuals of the same brood vary in the amount 
eaten, also the same indviduals under apparently the same con- 
ditions vary from day to day. Both nymphs and adults in 24 
hours eat 56.7 to 74.6 percent more food than in 12 hours if 
kept at a constant temperature of 95 degrees F. Age apparent- 
ly does not affect the amount eaten by adult grasshoppers as 
long as they are active and are producing eggs or sperms. 


When feeding upon different food plants, grasshoppers show 
an enormous difference in the amount they eat. This is true 
for all stages in their development. Normally they eat from 3 
to 4 timmes as much lettuce as alfalfa per day. This variation 
may be accounted for to a certain extent by the dry-weight con- 
tent of the plants. However, to account for the entire amount, 
it would appear that a knowledge of the exact extent to which 
a grasshopper is capable of digesting the nutrients of each ma- - 
terial utilized, seems necessary. 

Grasshoppers, normally, do not feed the day before moult- 
ing nor for several hours after. 


_The number of hourly periods in which a grasshopper eats 
during a day are few. The type of food determines this to a 
large extent. Individuals feeding upon lettuce average 5.7 feed- 


ing periods while those feeding on alfalfa average 3.2 for a 12- 
hour day. 
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Hach feeding period is comparatively short. Sixteen min- 
utes was the average for one period. Grasshoppers feeding on 
lettuce probably do not use over 3 hours a day, while those feed- 
ing on alfalfa probably do not use over 2 hours. 

This kind of food plant apparently has no effect on the rate 
of development. Comparative studies show that grasshoppers 
reared entirely on lettuce completed 5 instars in approximately 
the same period of time as those reared on alfalfa. 

Comparative studies indicate that light days of different 
lengths do not affect the rate of development as long as the 
temperature is constant. 

Grasshoppers are capable of eating, growing and moulting 
in total darkness. When maintained under the same tempera- 
ture conditions, development appeared to be as rapid in complete 
darkness as under normal day and night-light conditions. 

The above-mentioned factors are closely associated with the 
abundance of grasshoppers in their normal environment from 
year to year and they also have a direct bearing upon control. 


INTRODUCTION 


Grasshoppers are world wide in their distribution. Evi- 
dence indicates that they have been a pest to agriculture since 
man began to till the soil. The writings of the Egyptians, 
Greeks and Ancient Hebrews contain references to these insects 
as pests to agriculture. 

In Colorado conditions are usually favorable for grasshop- 
per development, therefore the state always suffers more or less 
injury each season. It can be conservatively stated that grass- 
hoppers cause greater losses to crops than any one other insect 
in the state. 

Riley (60) states that since the year 1333, outbreaks have 
been recorded regularly. The literature is full of references 
concerning control. The following are a few of the control 
methods employed or recommended in the past: Prayer, mak- 
ing noises, using of soldiers, offers of bounties, poisonous plants, 
fire, crushing, collecting, spraying with poisons, destruction of 
eggs, use of turkeys, barriers, poisonous dusts and baits. 

In America poisonous baits have proved the most successful 
type of control. However, there is a great difference in opinion 
as to the correct time for their application. Since the efficiency 
of the baits depends to a large extent on the time of application, 
it is of the utmost importance to know those factors which regu- 
late the habits of grasshoppers, especially the feeding habits, in 
order that the use of baits may be effectively employed. 
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Figure 1.—Type of cage used in grasshopper experiments. (About one-half 
natural size.) This type of cage was used almost exclusively in studying individ- 
ual hourly records <A and B indicate method of feeding plants, with large leaves, 
as lettuce. The stems of the plants were kept in water. 


The purpose of this investigation was to study the effects 
of such factors as temperature, light, darkness and food plant 
upon the development and general activities of grasshoppers. 
Special emphasis was placed on the factors which regulate feed- 
ing, the amount of food eaten, and the time of feeding for condi- 
tions in Colorado and at the same time to test the correctness of 
observations made by other workers. 

The data thus far obtained and conclusions reached are be- 
lieved to be of such a nature as to justify a report. Observations 
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were made over a 4-year period, 1924-1927, at Fort Collins, Colo- 
rado. 

The author is indebted to Dr. C. P. Gillette and Mr. Geo. M. 
List for their encouragement, valuable suggestions and criti- 
cisms, and to J. L. Hoerner and S. C. McCampbell for valuable 
aid on many occasions. 


METHODS OF EXPERIMENTATION 


The present studies are based primarily on laboratory ob- 
servations and supplemented with field observations, the individ- 
ual grasshopper being taken as the unit of study. The reactions 
of the individual to various stimuli is the basis on which conclu- 
sions have been drawn. 

A greenhouse and insectary were used as a laboratory for 
rearing except in those cases where the temperature cabinet 
was employed. The environmental data recorded are those in 
the immediate vicinity of 
the grasshopper. In the 
case of temperature, the 
readings were made inside 
the cage containing the 
grasshopper. 

Only one grasshopper 
was maintained in a cage. 
Cages of two different de- 
signs as illustrated in 
Figures 1 and 2 were em- 
ployed. The cage illus- 
trated in Figure 1 was a 
glass cylinder 8 inches in 
length and 2 and one- 
quarter inches in diam- 
eter, and was used for 
most of the work. The 
cage illustrated in Figure 
2 was made by inverting a 
4-inch flower pot over a 
bottle containing water. 
A cylindrical copper 
screen 8 inches in length 
and about 4 inches in di- 
ameter was fitted around 

Fig. 2.—One type of cage used in the exper- the rim of the pot. The 
imental work. (About one-half natural size.) intervening space be- 


Plant leaves are kept turgid by maintaining 


them in water as illustrated in Fig. 3. tween the rim and bottom 
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Fig. 2-A.—Showing unassembled parts of grasshopper cage illustrated in Fig. 2 


of the pot was filled with sand. The food plant was placed thru 
the drain in the bottom of the inverted pot, with its stem ex- 
tended into the bottle of water beneath, and held firm by a cot- 
ton plug. 

In the feeding investigations the grasshoppers were fed 
hourly on fresh leaves, the stems of which were kept in water. 
When plants having large or delicate leaves were fed, the leaves 
used were placed in a heavy cardboard or celluloid holder as il- 
lustrated in Figure 1. The surface area of the leaves was re- 
corded before and after being fed, by a photo-print method. The 
difference between the surface areas calculated by the use of a 
planimeter was the amount eaten. To obtain an accurate reading 
of the amount eaten by the small nymphs, it was often neces- 
sary to enlarge the print by projecting it upon a screen placed 
upon a table. 

The photo-prints were made by using either blueprint or 
Van-Dyke paper. The Van-Dyke paper has an advantage over 
the blueprint paper in that it can be readily photographed with- 
out being traced; also one can make blueprints from it. Figures 
3 and 4 illustrate the method of printing and results obtained. 
Figure 5 represents the method of recording data. 

Several methods were considered for recording results. The 
above was selected because of its simplicity and because it per- 
mitted the study of a larger number of individuals with the 
labor available. It also permitted a study of the actual leaf sur- 
face eaten. This, the writer felt, was significant, as grasshop- 


January, 1930 FEEDING HABITS OF GRASSHOPPERS 9 


Fig. 3.—Photograph showing photo-print method of recording the amount of 
food eaten hourly by a grasshopper on alfalfa. (Slightly reduced. ) 


pers vary in the amount of food they eat when feeding on differ- 
ent plants. 

The method has a distinct advantage in that large amounts 
of work can be done during the months when the insects are 
available and the data may be worked at another time. There 
is a disadvantage in the method in that it is subject to some ex- 
perimental error. Plants growing under different moisture con- 
ditions will vary in the amount of water they contain in their 
tissues, also in the thickness of their leaves. This, of course, 
would cause some variation in determining the dry weight from 
figures obtained by the above method. 

Most of the plants used in the experiments were obtained 
from plants grown under normal cultural practices. The alfalfa 
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used was obtained, for 
the most part, from fields 
under normal irrigation 
conditions. All the grass- 
hoppers used in the exper- 
iments were hatched from 
eggs collected.in the field 
during early spring or 
from females kept in the 
laboratory. The condi- 
tions of insect growth 
were varied by the use of 
greenhouse, insectary and 
constant -temperature 
chambers. 


EFFECTS OF TEMPERA- 
TURE ON ACTIVITIES 


Grasshoppers belong to 
that group of animals 
that do not have a heat- 

regulating mechanism, 

Fig. 4.—Photograph showing results of therefore they must de- 
grasshopper feeding as recorded by photo- . 
prints. A, before feeding; B after feeding. pend upon the tempera- 
(Slightly reduced.) ture of their surround- 

ings. The temperatures 
of their environment in which activity takes place are variable 
and may be subject to sudden changes. In studying the habits 
of grasshoppers it is quite important to know the temperatures 
in which they are active and function normally, also the optimum 
temperature. 


Parker (54), working on Camnula pellucida, found that 
when the air temperature goes above 60 degrees F. some crawl 
from their hiding places and at 65 degrees F. nearly all will be 
in the open. After the air temperature extends above 68 degrees 
I’. they begin to move about and enter upon the normal activities 
of the day. First and second instar nymphs have for their opti- 
mum a temperature range of 98 to 100 degrees F. As a rule, 
feeding stops at 68 degrees F. as the minimum. For the maxi- 
mum, feeding sometimes continued in temperature cabinets un- 
til a temperature of 113 degrees F. was reached. 


The writer, working with Melanoplus bivittatus, found this 
species reacted very similarly and within approximately the 
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Daily Food Record Seoond Instar Melanoplus bivittatus 
Showing Houre of Feeding and Area o eat Surface 
Consumed During the Day, May 26, 1927. 
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Fig. 5.—Photograph illustrating the method of recording the amount eaten by 
individual grasshoppers each hour. 


same temperature limits as Parker found for Camnula pellucida. 
However, it was found that in a study of individuals of this 
species, in cages, that the range of activities was apparently 
slightly greater than that reported for Camnula pellucida. 

Using the same type of apparatus described by Parker (54) 
the optimum temperature was found to be from 98 to 100 de- 
grees F., the minimum effective to be from 65 to 68 degrees F. 
for normal activities, altho feeding on many occasions was ob- 
served to take place at much lower temperatures. Immature 
grasshoppers occasionally feed when the temperature does not 
exceed 58 degrees F. Adults were never observed feeding at 
temperatures below 60 degrees F. Table 1 includes records of 
grasshoppers feeding at low temperatures. 

Temperatures above 104 to 105 degrees F. produced abnorm- 
al activities while temperatures from 110 to 115 degrees F. 
caused the grasshoppers to become very nervous. Increasing 
the temperature caused increased activity until the animals were 
overcome. On several occasions feeding was observed when the 
temperature was 112 and 115 degrees F. On one occasion an 
adult male was observed to feed upon a four o’clock leaf for a 
brief time when the temperature was 122 degrees F. Prolonged 
exposure at this temperature will cause death. 
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The above results show that Melanoplus bivittatus reacts 
normally between the temperatures of 68 to 100 degrees F. and 
that 98 to 100 degrees F. is the optimum. 

Preliminary studies indicate that Melanoplus bivittatus can 
withstand higher temperatures than M. Femur-rubrum. Five 
experiments, the results of which are recorded in TablesZ. all 
furnish evidence of this. 

Individuals of the same species vary considerably in their 
ability to withstand heat. It is not uncommon for a few resistant 
individuals to be active when a vast majority of the individuals 
have succumbed. 

Simple starvation tests indicate that temperature has an 
important bearing on the ability of grasshoppers to withstand 
starvation. Physiologically they appear to be so adjusted as to 
be able to survive long periods without food when the tempera- 
ture is low, but very short periods when the temperature is high. 


Table 1. 
Feeding. 


Minimum Temperatures at which Grasshoppers were IMecorded 


Temp. range Hour Number Number Instar Date 
Fahr. a.m. observed feeding 
52—58 8—- 9 8 2 a 5-18-26 
54—58 8— 9 13} 2 2 5-25-27 
55—58 8— 9 8 0 3 6-3-26 
55—58 8— 9 2 0 4 6-3-26 
55—5)8 8s— § fs il 1 6-3-26 
55—58 8— 9 3 0 2 6-3-26 
57—61 8— 9 4 2 3 5-27-26 
57—61 8—- 9 3 1 4 5-27-26 
57—61 8— 9 5 4 i 5-27-26 
5 7—61 8 9 5 0 2 5-27-26 
57—61 6-— 7 lal 4 3 6§-2-27 
58—60) 9-—10 4 2 1 5-28-26 

; 53— 60 9—10 5 0 2 5-28-26 
58—60 §9—10 { 1 3 5-28-26 
58—60 9—10 3 2 4 5-28-26 
59—61 8— 9 5 if 2 6-3-26 
5 9—61 8— 9 5 1 3 6-3-26 
59—61 8— 9 4 2 4 6-3-26 
59—61 8— 9 10 0 1 6-3-26 
61—63 8— 9 4 0 3 5-26-26 
61—63 8— 9 3 1 4 5-26-26 
61—63 8— 9 5 3 ib 5-26-26 
61— 63 s— 19 5 i 2 5-26-26 
538—62 8—- 9 aly?) 8 2 5-23-27 
60—63 <8 9 6 3 6-1-27 
60—63 7— 8 3 6 3 6-1-27 
5 8—64 7I— 8 9 2 4 6-17-27 
58—64 i— 8 10 4 4 6-17-27 
58—64 i— 8 ila 7 4 6-17-27 
58—64 7T—- 8 5 3 5 6-30-27 
She is 9-—10 25 13 Adult F. 10-29-26 
61—63 9—10 14 6 Adult M. 10-29-26 
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Table 2.—Preliminary Comparison of Effect of High Temperature on Melano- 


plus bivittatus and Melanoplus femw-rubrum. 

Exp. Date Species Temp. Number min- Percentage dead 
1927 Fahr. utes exposed after 24 hours 

1 9-12 M. femur-rubrwm 130 40 65 

9-12 M. bivittatus 130 40 0 

Z 9-13 M. femur-rubrum 130—145 40 100 

9-13 M. bivittatus 130—145 40 66 

9-13 M. femur-rubrum 140—150 35 100 

9-13 M. bivittatus 140—150 30 66 

4 9-13 M. femur-rubrum 160 7 100 

9-13 M. bivittatus 160 if 50 

5 9-13 M. femur-rubrum 140 ? 62 

9-13 M. bivittatus 140 ? 17 

9-13 M. differentialis 140 ? 84 


The grasshoppers were placed in cages as illustrated in Figure 1 and then 
placed in the temperature cabinet and allowed to remain for the length of time 
indicated. Therefore these figures do not represent the actual time the animals 
were exposed to the stated temperatures. 


Montana entomologists (55) have shown that the amount of 
food grasshoppers eat depends upon the temperature. The writ- 
er’s work discussed elsewhere in this paper corroborates this. 
Apparently more food is required to care for the increased meta- 
bolic activities under high temperature conditions. Bodine (6) 
has shown that there is a correlation between water content 
and temperature. He pointed out that in passing from low to 
high temperatures the water content of grasshoppers increases. 
Also that starvation reduces the water content. Thus it would 
seem logical that if these animals were exposed to high tempera- 
tures it would require more food to maintain the necessary water 
content for normal metabolic activities. 

The summarized results of the starvation tests are as fol- 
lows: When M. femur-rubrum and M. differentialis were ex- 
posed to a constant temperature of 95 degrees F. for 48 hours 
there was an average mortality of 70 percent, while the same 
species exposed to a temperature of 69 degrees F. were all alive 
at the end of 48 hours. At 55 degrees F. and after starvation 
for 120 hours all grasshoppers were alive. At 38 degrees F. 100 
percent were alive after 192 hours, and 40 percent showed signs 
of life after 312 hours. 


LIFE-HISTORY STUDIES AND TEMPERATURE 


In order to obtain grasshoppers of given stages and of 
known ages, an extensive series of life-history studies was made. 
Detailed studies on the life histories of the following species were 
made for comparison: M. bivittatus, M. differentialis, M. femur- 
rubrum and Chortophaga viridifaciatus. Notes on the temper- 
ature and daily rate of development were recorded. 
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Temperature has a very important bearing on the rate of 
development. Parker (8) and Fry (29) have made and reported 
extensive studies on the effect of temperature on the rate of 
development. Since the writer’s observations agree in essen- 
tials with the published work of these men, the details are omit- 
ted. Without doubt temperature is an important factor in de- 
velopment. As the Montana entomologists (55) have stated, it 
is possibly one of the factors affecting grasshopper outbreaks. 
The time of feeding, the amount of food eaten and the rate of 
development in the laboratory can be regulated by it. 

By regulating the temperature, the life history from the 
hatched egg to the adult stage may be completed in less than 
30 days, or may require more than 4 months. The period 
between moults may vary from 3 to 30 days depending on the 
temperature. On one occasion a newly hatched nymph kept at a 
relatively low temperature lived 108 days without moulting. 

Grasshoppers moult from 5 to 7 times. The factor which 
causes this variation was not determined. In a series that de- 
veloped in the greenhouse from March 5 to about June 10 under 
comparatively low temperatures practically all individuals 
moulted 6 or 7 times. 

Another series developing from May 10 to about July 15 
and subject to higher temperatures completed growth with but 
few exceptions in 5 moults. This would indicate that tempera- 
ture is a factor. However, another series of M. differentialis 
growing under a constant temperature of 95 degrees F., all 
moulted 6 or 7 times. This would indicate that some other fac- 
tor might be causing some of the variation. Indications are that 
the grasshoppers having the greater number of moults are the 
largest. This has always been the case with those studied by 
the writer. 

Somes (74) states that there are 2 broods of Chortophaga 
viridifaciatus in Minnesota. Blatchley (1920) in his treatise on 
Orthoptera of N. E. North America, states that there is 1 gen- 
eration in Indiana. Very careful rearings show that there is 1 
generation in the vicinity of Fort Collins, Colorado. The adults 
are present from late April until fall. Egg deposition begins 
the latter part of May or early June and may continue for sev- 
eral weeks. Hatching may begin the latter part of June and 
continue for several weeks. Most of the nymphs begin hiber- 
nating in the third or fourth instar. 

In the vicinity of Fort Collins eggs of M. bivittatus have 
been observed hatching as early as April 20. The majority of 
the eggs hatch during May and early June. Adults were found 
in the field on June 20 in 1926. Most of the nymphs mature dur- 


January, 1930 FEEDING HABITS OF GRASSHOPPERS 15 


ing July. Development takes place over a period of several 
weeks. Nymphs can often be found in the field from about April 
20 to September 1. 


OBSERVATIONS ON EGG DEPOSITION Melanoplus bivittatus 


No extensive observations were made of the egg-laying 
habits. However, during the summer and fall months of 1925 
and 1926 a series of observations were made on M. bivittatus 
in the vicinity of Fort Collins. Special emphasis was placed upon 
the egg-deposition period, number of eggs laid and the time and 
conditions required for deposition. 

It was found that many individuals of this species are copu- 
lating freely from the first week to the middle of July. On July 
13, 1925, a number of females were examined that contained 
well-developed eggs within the abdomen. By August 14 a large 
percentage of females had their abdomens distended with eggs. 
Egg deposition may take place from the middle of August until 
the middle of October. On October 17, 1926, females were ob- 
served laying during the middle of the day. 

During the summer and fall months females were collected 
and caged in order that information might be obtained concern- 
ing the number of eggs deposited and the time required. Dur- 
ing this same period females were dissected and counts made of 
the number of eggs in their ovaries. 

From the egg counts made there seems to be a wide varia- 
tion in the number of eggs in an egg pod. From a total of 42 pods 
examined the number of eggs per pod varied from 15 to 185 with 
an average of 59.8. In the counts made from 30 dissected gravid 
females the number of apparently fully developed eggs in the 
ovaries varied from 26 to 83 with an average of 68. 

Observations were obtained from 24 individuals on the time 
required to deposit their eggs. The deposition period recorded 
was from the time the ovipositor began to be inserted in the 
ground until it was withdrawn. The soil temperature was re- 
corded by placing a thermometer about 2 inches from the grass- 
hopper and 114 inches below the surface. All observations were 
made on caged grasshoppers. The minimum time required was 
1 hour and 11 minutes, the maximum, 3 hours and 58 minutes, 
and the average was 2 hours and 3 minutes. 

Only in one instance was egg laying observed when the 
temperature was below 70 degrees F. In that case the air tem- 
perature was 69 degrees F. On several occasions eggs were de- 
. posited when the soil temperature was 65 degrees F. 

Eggs were deposited in a sandy soil with a moisture content 
as low as 9.77 percent and as high as 20 percent water. 
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Table 3 gives information concerning the egg deposition 
records. 

Definite information on the number of egg pods a female 
of this species will lay was not obtained. However the writer 
obtained two pods of eggs from individuals and after death an 
examination showed them to contain well-developed eggs in their 
ovaries. 


DAILY FEEDING ACTIVITIES 


Investigators have made extensive studies to find the time 
of day that grasshoppers feed most on poisoned-bran mash. 
Practically all workers have concluded that temperature is a 
limiting factor but in general that the period of greatest feeding 
on poisoned-bran mash is during the morning hours after the 
temperature reaches 65 degrees F. or above, and continues until 
the temperature reaches 75 or 80 degrees F. This information 
has been obtained by a simple and effective method commonly 
termed the “pan method.” Briefly, this method consists of 
placing fresh bait at hourly intervals on a series of pans, and 
then making counts each 10 minutes of the number of grass- 
hoppers visiting and feeding at the pans. In literature there is 
but little information concerning the actual feeding activities 
of grasshoppers. Many farmers who poison and apparently a 
few scientists who have not worked with grasshoppers have 
come to believe that these insects feed heaviest during the 
morning hours when the temperature is between 75 and 80 de- 
grees F. 

The following experimental evidence will show why the 
“yan method” gives approximately a true measure to feeding on 
poisoned-bran mash, but does not show any relation to the feed- 
ing activities of a grasshopper during the entire day. 

Temperatures recorded by the standard method employed 
by the weather bureau cannot be considered when reckoning 
with individual grasshoppers, since the temperature in the im- 
mediate proximity of the grasshopper must be used as a basis. 
Numerous observations have demonstrated that a variation of 
70 to 80 degrees may be obtained at the same time within a given 
field. According to Hann’s Handbook of Climatology, a differ- 
ence as great as 128.30 degrees F. may exist, in high altitudes, 
between sun and shade temperature. Thus, within temperature 
ranges where activity is possible, grasshoppers have an oppor- 
tunity to and do orient themselves so as to remain in or near 
their optimum by using grass, debris and other available mater- 
ials. If such were not the case during an ordinary summer, 
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many grasshoppers in open fields would be destroyed from heat 
rigor. 

Using an actual case recorded at Fort Collins, Colorado, 
June 30, 1926, the following temperature variations were record- 


ed: 


Hour 8 9 10 abAl 12 ah 2 3 4 5 
S -) = fois) ae 
Air Temperature ..... 76 77.5 18 7 86 81 81 78 is 65 
Temperature at soil ; iy } 
Suriace in SUM) . 2... 95 100 114 LOS: LOT 102 92 89 76 64 
Temperature at base of is ca : 
alfalfa in shade......62 66 fe 69 78 73 70 70 67.5 64 
Temperature 21 inches ’ a - 
above ground in sun 78.5 80 81.5 Tile 87.5 i 75.5 74 70.5 63 


Temperature 8 inches 

above ground 

ins altalta "shade win. .09 69 79 76 87.5 aii 72.5 (es 69.5 64 
*After 1 p. m., sky hazy to cloudy. 


If we should select from the above data the temperatures at 
the soil surface, and then allow the grasshoppers to remain at 
or below their optimum, and from this construct a curve, it 
would show, during the day, 2 peaks when grasshoppers are 
most likely to be found on and feeding at the ground. This curve 
would rise rapidly during the morning until at 9:30 a. m., then 
it would fall and remain low for a period until 1:30 or 2:00 p. m. 
At this time it would again rise rapidly and remain high until 
5:00 p. m., and again fall. This curve is very similar to one that 
would be obtained from using the ‘pan method” and represents 
the periods during the day when the grasshoppers are in contact 
with and feeding upon the poisoned-bran mash which is scattered 
upon the ground. Yet it cannot be relied upon to represent the 
actual feeding operations of grasshoppers. The ‘pan method”’ 
will always yield the above-mentioned type of curve and grass- 
hoppers will feed heaviest on poisoned-bran mash during the 
above periods for several reasons. 

1. Inearly morning during the “warming up” period grass- 
hoppers always collect in the open and in places where they can 
obtain the maximum warmth from the sun. Here they will re- 
main and feed until the temperature passes their optimum. The 
pans afford an ideal place for this. This is also a period when 
they are in contact with the poisoned-bran mash. 

2. As soon as the temperature passes the optimum the 
grasshoppers move and adjust themselves to a more suitable 
temperature in the vegetation but continue to feed. 

3. During the afternoon, as the temperature falls, the 
areas shaded by vegetation cool, so that the grasshoppers react 
again and are found in more open places having a temperature 
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nearer their optimum. The pans again afford an ideal place. 
This accounts for the afternoon peak. 

In a laboratory study of M. bivittatus, in all stages of its 
development and feeding on both alfalfa and lettuce, it was 
found that this grasshopper begins feeding as soon as the tem- 
perature reaches 65 to 68 degrees F. and continues to feed dur- 
ing the entire day, the greatest amount of feeding usually taking 
place during that portion of the day when the mean hourly tem- 
perature is highest. Normally, this occurs during the middle 
of the day; however there may be some variation to this. The 
above results are indicated by the percentage of animals feeding; 
the number of hours in which feeding occurred and the amount 
of food eaten. Details of the summarized individual experiments 
are given in Table 5. 

The summarized results which represent the feeding of a 
total of 123 grasshoppers on lettuce over a period of 11 days and 
a total of 146 grasshoppers on alfalfa over a period of 13 days, 
afford additional evidence for the above statements. The day 
was divided into 3 equal parts of 4 hours each and the results 
are based on the averages for each of these periods. The maxi- 
mum variation in the numbers feeding on alfalfa was 4.1 percent 
between any of the periods. For those feeding on lettuce, the 
maximum variation was 4.9 percent. The variation in the num- 
ber of hourly periods in which feeding occurred and the amount 
eaten was somewhat greater. The latter variation can be very 
closely associated with the fluctuation in temperature, which 
is to be expected since the grasshoppers eat more at high than 
low temperatures. Table 4 gives the results. 


Table 5.—Showing the Distribution of the Daily Feeding Activities of 
Melanoplus bivittatus. 


Morning period Noon period Afternoon period 
7 a.im.-11 a.m. Li a. Wes Pin. oe DAI Dal. 
Alfalfa* Lettuce** Alfalfa* lLettuce** Alfalfa* Lettuce** 
Percentage Feeding 69.8 86.9 18.9 91.8 72.6 91.8 
Number hourly 
periods in which 
feeding occurred .. 154 208 166 280 178 237 
Amount eaten— 
square inches .. 23.5 9.3 25.7 16.9 27.8 a 3} 
Mean hourly 
temperature ..... 69 70.3 79.8 82.8 74.5 76 


*Nymphs and adults. Data based on averages from feeding records taken on 
3 different days, using 146 individuals. 

**Nymphs. Data based on averages from feeding records taken on 11 differ- 
nt days, using 123 individuals. 
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The above considerations are based entirely upon laboratory 
observations, but it appears logical that the same results should 
be obtained under field conditions as long as the temperature is 
sufficiently high to be within the range of activity and since the 
grasshoppers react to temperature so as to maintain themselves 
in their optimum or as near it as possible. To make records of 
these data in the field, of course, would be difficult. 


AMOUNT OF Foop CONSUMED DAILY 


A knowledge of the amount of food consumed daily for a 
given infestation of grasshoppers is of value to the field ento- 
mologist in making estimates of crop losses. Especially is this 
true when it is necessary to impress the value of control upon 
farmers. 

Morril (45), working in Arizona, reported that grasshop- 
pers eat approximately 1 gram of green alfalfa each 24 hours. 
This is somewhat more than the writer found for grasshoppers 
in Colorado. However, the higher temperatures, with warmer 
mornings and evenings of Arizona should permit much more 
feeding. 

The writer, in experiments conducted as described by Morril, 
found that with a mean hourly temperature of 80 degrees F., 
adult females of M. bivittatus averaged .527 grams each over a 
period of 12 hours. After the amount which was cut and fell 
to the ground as waste was substracted, each grasshopper aver- 
aged .4839 grams for a 12-hour day. The conditions of growth 
of alfalfa such as amount of shade, sunshine and irrigation will 
cause a variation, but alfalfa grown under normal irrigation 
averages about 8 square inches to 1 gram. According to this, 
each grasshopper ate an average of 3.512 square inches of alfalfa 
per day. This amount was within the limits of variation of 
gravid females as determined by measurements of areas eaten. 

The writer found in his investigations that grasshoppers 
require greater quantities of one kind of food plant than another, 
and since the values of crops vary, it is also important to know 
the quantities that can be destroyed of each type of crop in order 
that accurate estimates of losses may be made. This phase has 
been kept in mind, and accordingly the writer has used plants 
in his experiments and expressed the results in terms of square 
inches. If it is desired these figures can later be expressed in 
weight. 

It is difficult to state accurately the amount of food a grass- 
hopper, or a given number of grasshoppers, will eat in a given 
day. The temperature, the kind of food, the age of the grasshop- 
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per, the sex, the stage of development, length of day and various 
other factors cause variation. The following statement will il- 
lustrate the extreme amount of variations. M. bivittatus feed- 
ing on lettuce may have a variation of from .02 square inches 
for newly hatched nymphs to 7.52 square inches for an adult 
female. Under constant temperature of 95 degrees and light, 
thus lengthening the feeding day to 24 hours, a female may eat 
as much as 11.30 square inches. 

The following figures give the range for M. bivittatus feed- 
ing on alfalfa and lettuce during a 12-hour day and in tempera- 
tures ranging from 68 to 95 degrees F. 


Alfalfa Number of Lettuce Number of 
Instar Square inches individuals Square inches individuals 
1 -005- .035 301 .O2- .14 56 
2 -02 - .08 104 .04- .24 53 
3 .03 - .16 76 -10- .692 66 
4 .035- .360 43 -18-1.57 55 
5 P10) -=s2/5 35 -48-3.90 22 
6 .380 -1.76 18 .68-8.80 36 
( - -68-7.90 11 
Adult females 50 -4.32 52 2.00-7.52 21 
Audlt males .40 -2.64 47 1.50-5.90 14 


There is a wide daily variation in the amount of food eaten 
by individuals of the same brood hatched from the same batch of 
eggs and kept apparently under the same conditions. In the case 
of adult M. bivittatus feeding on lettuce, the variation may be 
almost 4 square inches. Specific examples of this may be seen 
by examining Table 4. Not only do individuals of the same 
brood vary in the amount they eat per day but the same individ- 
uals under constant temperatures and apparently indentical con- 
ditions vary from day to day. 

As stated before, accurate averages are hard to make due 
to many variable factors and especially to the fact that in a cli- 
mate like Colorado the temperature varies greatly within a day 
and from day to day. The following figures give the average 
amount of leaf surface consumed in square inches for M. bivit- 
tatus during a 12-hour day under temperature conditions rang- 
ing within feeding activities, 65 to 95 degrees F. 
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Number Number 
Instar Alfalfa grasshoppers Lettuce grasshoppers 
square inches studied square inches studied 
1 .012 301 58 56 
2 .030 104 1 53 
3 078 76 284 66 
4 mulLOKT 43 549 55 
5 557 35 1.622 22 
6 1.100 18 2.678 36 
7 2.435 ial 
Adult males .950 52 2.666 21 
Adult females IS 47 5.950 14 


The above averages must be considered as being conserva- 
tive. In the open a grasshopper probably gets considerably more 
exercise than one caged and it would appear logical that under 
such conditions it would need more food to maintain itself. De- 
pending on the season, but normally, under field conditions it is 
possible for a grasshopper to maintain a higher mean hourly 
temperature than these records, and on many occasions to feed 
over longer periods. 

A study of the average amount of food consumed by devel- 
oping grasshoppers is very interesting. It clearly shows one of 
the advantages of poisoning while the grasshoppers are young. 
With each moult a grasshopper almost doubles the amount of 
food eaten daily. Adult females eat almost 100 times more food 
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Fig. 6.—A comparison of the difference in the rate of feeding of nymphs of 
Melanoplus bivittatus on different plants. Upper line indicates the mean hourly 
temperature. Solid line represents feeding on lettuce based on 60 individuals. 
Broken line represents feeding on alfalfa based on 32 individuals. 
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per day than first instar nymphs. Aside from the losses in- 
curred during the process of development, it is very evident that 
it required from 70 to 80 times more food per day to maintain an 
equal number of adult grasshoppers than first instar nymphs. 
Even within the same instar the amount eaten increases enor- 
mously as the grasshoppers grow older. The following example 
will illustrate: 

Fourteen 1-day-old Chortophaga viridifaciatus ate an aver- 
age of .082 square inches of lettuce each in 24 hours under a 
constant temperature of 95 degrees F. The maximum amount 
eaten by a single individual was .120 square inches, and the min- 
imum amount was .060 square inches. At the age of 4 days 
these same grasshoppers under apparently the same conditions 
ate an average of .145 square inches each, with a maximum of 
.200 square inches and a minimum of .092 square inches. 


Table 6.—Notes on the Amount of Food Consumed During a Day by Grass- 
hoppers. 
Food plant—Alfalfa 


Amount of food Number Temp. Fahr. Hours of 
Exp. Date Consumed grass- Hourly feeding Spe- 
1927 Max. Min. Ave. hoppers Max. Min. mean a.m. p.m. cies 


First instar 


5-4 O11 001 004 15 SiS Miao 
5-5 -025 001 .010 31 8 - 8 ee 
5-6 022 O01 -006 21 8 - 8 * 
5-6 014 45 8 - 8 ue 
5-7 .019 001 .006 We 8 - 8 a 
7a 5-18 BOLT: 003 Oni: 10 78 62 68.7 8-7 i 
7b 7-3 .032 .010 .021 1) 83 66 74.9 8 = 7 7 
10 5-18 .014 .003 .008 7 64.5 48.5 57.5 6 - 6 i 
11 5-18 .035 001 .018 9 90 64 74.5 6 - 6 ty 
12 5-21 017 .014 -O15 2 90 64 Teo a 7 ae 
13 5-21 022 002 005 3 (43%) 57 Gig ere af a 
6 5-27 .020 2013 O15 3 80 6L AG) Oe = taf u 
6 5-27 -010 001 004 5 al 56 62.7 Th x aif "2D 
5 5-28 005 005 .005 1 65.5 Doe 59.3 fk ce Yh 
3 5-29 Aojala .008 010 3 90, 66 (etl if. TE 
3 5-29 008 003 005 7 68 55 3.4 hg # 
15 6-2 .032 .007 .015 5 80 55 70.8 icy wy ” 
19 6-2 .032 003 .014 8 80 58 76 Fight) 
2 6-5 .012 004 009 3 78 70 74.3 il Femi 
2 6-5 009 §=.004 007 4 3 60 66 oraa i a 
100—10 5-11 014 002 008 9 86 aya ay) Th al a 
100—10 5-17 035 .020 027 9 89 60 79.2 fee aft Ds 
100—10 5-18 .020 005 013 Hf 86 55 7b te = Gi ee 
16—21 4-23 025 .OL0 016 7 84 Gal 76 7-7 =M.f-r 


*M. b.—Melanoplus bivittatus 
M. f-r—Melanopluws femur-rubrum 
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Table 6.—Continued.—Notes on the Amount of Food Consumed During a Day 
by Grasshoppers. 
Food plant—Alfalfa 


Amount of food Number Temp. Fahr. Hours of 
Exp. Date Consumed grass- Hourly feeding Spe- 
1927 Max. Min. Ave. hoppers Max. Min. mean a.m. p.m. cies 


Second instar 


fed 085 002 018 “45 $=8 Mp 
5 | 040 008) 019. “a2 aria 2 
B-6 030 COL 0235 22 8 - 8 
5-7 .020 .001 009 7 g-g # 
12 5-21 088 082 032 1 90 64 Tee tee Te me 
6 5-27 .042.- .002 2029 5 6-80 61 TOD Atte ee 
6 5-27. .011 .003 .006 dua yi 5 62.0 eee 
5 5-28 009 .002 .005 2 5.5 538. 93° “Po so7 Tee 
5 5-28 .028 011  .017 Fe he! 64 TS So waa , 
35-29" 019 1.008) “ods 2 90 66 10.0: 0) Gea hae 
6-2) 005. OLbe me 006 1 7-7” 
15 6-2 048 006 027 20 80 55 HOLS | Gey a 
19 6-2. 420 017 066 3. > 90 58 76 eae ; 
2 6-5 040 .006 .018 ae .08 60 66 yaaa 
26-5 .085 O18 026 ors 70 74.3. @ isi 
100—10 5-25 .080 .045 .062 Ga ana 61 (oe eee ies Pe = 
A-E 5-17 085 050 062 8a 60 79.9 7-7 , 
(ACH es- 18) 045° 17027 3088 5 86 55 15.7 qo gen 
A-E. 5-19 .070 .045 056 4 84 56 15.6. (7 27 Domes 
A-E 5-20 .055 .030 .045 4 86 58 718.5 tea eee 
A-E 5-23 .070 .030 .055 & 82 B1 (0.2) “27 2 
16—21 5-5 .050 .005 .027 5 85 62 7 5 7 Da 
16—21 5-6 .060 .005 .027 6 85 60 tO tammy hee fee 
16—21. 5-10 .050 .025 .040 4 91 69 Cee Wey 
16—21 5-11 .065 .025 .045 ED 51 17 , 
Third instar 
12 5-21 .048 011.027 2 90 64 775) phe=r ay een 
6 1o-27) 5.027 0150) 9 s0a1 rk 56 62.7 by ess 
6 5-27 .065 .030 .053 3 80 61 W064 ages 
Bu 6-28 9.062, «028 2047 3 B4 64 138 69 2 q 8 
3 5-29 .031 .080 .030 2) 68 55 CSAS Ta a ees 
3 5-29 075 .082 .067 3 90 66 i Ga geen ee 
14 6-2 147 005 «= .077 6 80 55 10S ee aire ae 
U6 =2 Lh 7O .025 Ei ars 5 90 58 76 me 7 5 
ZB 6-5 082 010" «040 4 18 70 4,200 Lge 7 alee 
2 6-5 075 1025 060 ie ee) 60 66 ok ae 
2b 7-20. 7.260) 2020) 4p oad 57 72 ay eas 
26 7-23 170 .050 107 Seco 58 69.6 5 : 
100—14 6-1 138 .054 101 gy) 387 BT 79 3 : z 
A-H 6-26 4160 100 431 4 89 68 80 “oe . 
AH 5-81 120 .090  .105 4 - ag oi 
A-E 6-1 O80 057 068 4 90 57 75 . : Z ” 
A-E 6-2 .075 .030 .046 2 80 58 74 hae - 
I—4 4-25 240 240 .240 1 86 56 79 ae 
16—21 5-10 -080 080 1 91 69 79.5 " : : P 
i6—24 51% 050 03009 640 2 92 51 77 eo ae 
16—21 5-11 .095 030 068 4 89 60 Ca eae 
16—21 5-17 .095 .030 068 4 89 60 malign eet Me 
16—21 5-18 .065 .038 049 4 86 55 ne ciee a an 
16—21 5-19 .070 .040 058 eke 56 reine ee ee 
16—21 5-20 .060 .060 060 2 86 58 ras SS ai s 
; ae - 
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Table 6.—Continued.—Notes on the Amount of Food Consumed During a Day 
by Grasshoppers. 
Food plant—Alfalfa 


Amount of food Number Temp. Fahr. Hours of 
Exp. Date Consumed egrass- Hourly feeding Spe- 
1927 Max. Min. Ave. hoppers Max. Min. mean a.m. p.m. cies 
16—21 4-23 085 060 .068 3 82 ial 10.2 i 4 a 
16—21 5-26 .060 060 1 89 68 80 7-7 a 
16—21 6-1 -110 110 1 90 57 15 ae a a 
16—21 6-2 .090 .090 i 89 58 74 ie oy it 
Fourth instar 
6 5-27 ALS 080 097 2 80 61 70.5 Peat M.b. 
6 5-27 OTs 051 061 2 ral 56 62.7 Te Hf 
5 5-28 .O81 -034 .050 3 84 64 73.8 ae us 
5 665-28 .035 .032 -033 2 65.5 53.5 59.3 ftom e 
3 5-29 .170 .040 099 3 90 66 TET 7-7 £ 
3 5-29 -055 -035 042 2 68 55 63.4 i, rai By 
14 6-2 112 .060 .086 2 80 55 70.8 Sere at ey 
ay ¢ 6-2 612 004 .209 5 90 D8 76 yee 1 ay 
2 6-5 mas) -030 .078 4 78 70 74.3 4 “7 ze 
2 6-5 .130 047 084 3 73 60 66 Cant ee 
100—14 6-17 -290 .040 161 9 83 57 72 6 - 8 ay 
A-E 6-7 2o0 110 Ag l 4 91 70 82 =n 7, ay 
1— 4 5-25 025 .200 .220 2 86 56 7 te reed oe 
16—21 5-19 080 .080 1 84 56 75.6 = Mister 
16—21 5-19 .120 .100 .110 2 86 56 77.8 = a + 
16—21 5-23 .100 .100 1 82 pth 70.2 Ue mi ue 
16—21 5-26 .090 070 .080 2 89 68 80 (ee yf a 
16—21 6-1 .100 075 090 3 90 57 (3) Nigmtt 4 
16—21 6-2 A0TS 035 053 3 89 58 74 (as ye 
Fifth instar 
—25 7-23 1.68 430 .83 18 80 58 69.6 5 - 8 M.b 
100—14 6-24 1.230 .220 .700 9 93 65 83 (eo fi i 
100—14 6-30 470 100 .233 4 85 58 73 to Sai i 
A-B5 6-24 620 220 425 4 92 65 84 tft ff af 
16—21 §-1 .245 .245 1 90 coi! 15, He ere ONE E: 
16—21 6-2 .200 .200 1 89 58 74 aces, i i 
Sixth instar 
ye vA a 300 1.10 18 84 57 72 5 = 8) Mib: 
Adult females 
24 2.64 2.50 2.57 2 80 58 69.6 6 - 8 M.b 
28 10-22 4.32 O8 2.12 20 78 64 69.4 8 - 5 a 
37 10-29 1.13 04 354 25 66 48 61.7 8 - 5 
11-4 4.16 15 1.63 27 Re ony ” 
Adult males 
23 7-20 2.30 46 1,23 7 84 57 72 6 - 8 M.)b. 
24 7-23 2.64 LD 87 16 80 58 69.6 6 - 8 HY 
27 10-22 1.51 01 rah) 19 78 64 69.4 8 = 5 vy 
38 10-29 7 nO 174 14 66 48 61.7 8 - 56 
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Table 6.—Continued.—Notes on the Amount of Food Consumed During a Day 
by Grasshoppers. 
Food plant—Lettuce 


Amount of food Number Temp. Fahr. Hours of 
Exp. Date Consumed grass- Hourly feeding Spe- 
1927 Max. Min. Ave. hoppers Max. Min. mean a.m. p.m. cies 


First instar 


1—4 3-380 037 037 il 81 65 73 if 24 M.b 
1—4 3-31 2039 .039 1 81 68 74 rice si 3 
1—4 4-4 047 047 ah SL 49 70 i Se Mi 
1—4 4-7 025 025 tb 84 ial 76 Sah 7" 
200—14 5-11 080 020 043 14 86 55 76.4 eee . 
200—14 5-13 ~L5 .040 070 14 92 66 79.4 a i) 
300—14 5-17 -140 060 088 14 89 55 79.2 Gye iff ry, 
A—200 5-6 082 082 5 91 69 To eae ‘ 
A—200 5-10 OO 097 5 Ott 69 See) hs Ke M.b 
5—14 4-23 .050 015 .038 6 84 61 if (ey Mii 
Second instar 
1—4 3-29 .080 -065 072 2 74 45 70 i Gf M.b 
1—4 3-30 142 105 23 2 81 65 73 hs 4 ie 
1—4 3-31 .100 O88 094 2 81 68 74 T= 7 zy 
1—4 4-9 .145 145 il 81 65 74 eH a2 
1—4 4-12 180 .180 1 80 65 73 Thee at 3 
1—4 4-13 165 .165 of 83 65 73 (0S Hi od 
1—4 4-14 135 ass i Fett 67 qa fae if ay 
1—4 4-4 .020 .020 1 81 49 70 i= 7% ae 
1—4 4-11 .050 .050 it 78 54 70 SA 23 
F-M 5-18 .230 calinlisy oulte(al i 86 55 75.7 Ta A a 
F-M 5-20 -180 140 sillinal 6 86 58 77.8 tS sg 
F-M 5-23 125 -0:95 108 4 82 51 70.2 he Wf a 
300—14 5-238 187 055 lea) 12 85 50 71.4 1 = yh 4 
300—14 5-25 145 .060 105 12 87 61 78.9 fie of ” 
200—14 5-25 125 042 082 13 89 51 (5.3 =F % 
5—14 5-6 220 .100 156 5 85 60 W2 Fos svete 
5—14 5-5 -200 .090 SHEN) 4 85 62 76.1 Ge. Hy 2 
5—14 5-10 .205 145 170 3 91 69 (ER Yh ay ” 
5—14 5-11 .240 .200 .220 2 92 51 i fee 4 r 
Third instar 
1—4 93230) 100 100 1 81 65 73 7 = 7 0m 
1—4 8-31 .165 G'S ik 81 68 74 (erst #4 
1—4 4-4 265 O80 alti 2 81 49 70 moe ty) a 
1—-4 4-7 420 285 oD 8) 3 84 Tal 76 Reson 
1—4 4-9 260 Sy 216 2 81 65 74 eae i sal 
1—4 4-11 exe «152 159 2 78 54 70 ie ty 
1—4 4-12 155 155 1 80 65 73 Tecra » 
1—4 4-13 097 097 i 83 65 73 Vem ot ® 
1—4 4-14 silits3s) .185 if fit 67 73 =o 
1—4 4-18 -350 £3850 L 85 73 SL ema, , 
I—4 4-19 .250 .250 1 76 72 73 7-7 % 
I1—4 4-20 .540 540 1 83 70 def Toa 7 ” 
1—4 4-21 .610 .610 1 88 69 78 Ho ti 
1—4 4-22 iO “210.0 382 2 88 70 79 (feet ” 
1—4 4-23 440 .290 365 2 84 61 76 1-7 ” 
1—4A 4-26 430 .430 1 93 68 84 hs 
1—4A 4-27 090 £090 1 87 62 78 Fn ear 
F-M 5-26 480 180 130 7 89 68 80 fs 2) 
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Table 6.—Continued.—Notes on the Amount of Food Consumed During a Day 
by Grasshoppers. 
Food plant—Lettuce 


Amount of food Number Temp. Fahr. Hours of 

Exp. Date Consumed grass- Hourly feeding Spe- 

1927 Max. Min. Ave. hoppers Max. Min. mean am.p.m._ cies 
F-M 6-1 .440 .200 299 6 90 57 15 tes” He 
F-M 6-2 .260 Si 555 212 5 89 58 74 eat % 
300—14 6-2 A427 ult 293 ital 89 57 72 1h eo Y/ 2 
200—14 6-1 .692 044 pool ile 87 57 79 Grant a 

5—14 5-10 saul .290 801 3 91 69 19.5 T= flew Cem 
5—14 5-11 .320 .280 .3800 2 92 51 (Cl yan si 
5—14 5-18 .450 .220 .850 3 86 55 75.5 yh hel yy 
5—14 5-20 Pole 270 «292 2 86 58 77.8 WoW du 

Fourth instar 

1—4 4-11 -100 .100 il 78 54 70 (es wi M.b 
1—+4 4-12 .300 .800 1 80 65 73 i Sa di 
1—4 4-13 -280 .280 af 83 65 73 Te iy 
1—4 4-14 .440 .440 1 CCl 67 UE (Eats a 
1—4 4-18 .720 .540 .653 3 85 73 81 Sl ie 
1—4 4-19 -530 -520 -52'5 3 76 72 73 ie Sey Zs 
1—4 4-20 -800 570 685 2 83 70 its w= a 
1—4 4-21 .850 .660 OD 2 88 69 78 ene aff ” 
1—4 4-22 .820 .820 -820 2 88 70 8) tc Yl te 
1—4 4-23 -330 -280 .305 2 84 61 76 = a 
1—4 4-24 -430 .430 1 93 68 84 7-7 fd 
1—4 4-28 -500 .500 al 90 65 78 tO 4 ud 
1—4A 5-5 .750 .500 .625 2 85 62 76.1 hts ey 
1—4A 5-6 .810 -680 LD 2 85 60 hee aren ve. 
11 6-1 .460 .460 1 90 57 75 lS Nef 2 
11 6-2 .310 .310 1 89 58 74 ior ff 2 
F-M 6-7 .770 .460 560 6 Oe 70 82 aS aff a2 
300—14 . 6-17 .930 .010 .550 itil 83 56 72 6 - 8 aw 
200—14 6-17 1.510 .100 610 10 83 56 q2 6 - 8 2 
1—3 6-24 1.570 1.090 1.330 2 92 65 84 i SY ay 

5—14 5-18 490 .490 il 86 5D (iBT T= eI Ree 
5—14 5-20 720 .300 473 3 86 58 17.8 7-7 % 
5—14 5-23 .620 .210 -405 4 82 pul 70.2 ie if @ 
5—14 5-26 1.000 .380 666 6 89 68 80 i ais ” 

Fifth instar 

1—4 4-21 O10 910) il 86 69 78 tf 4 M.b. 
1—4 4-22 1.100 1.100 al 88 70 79 (esa a 
1—4 4-23 900 900 1 84 61 76 feos a2 
1—4 4-26 1.520 900 1.210 2 93 68 84 fe d 
1—4 4-27 1.260 700 1.025 2 87 62 78 oo 96 2 

1—4 4-28 1.390 1.050 1.220 2 90 65 78 tl 

1—4A. 5-5 520 -480 500 2 85 62 76.1 ih es 7 2 
1—4A 5-6 1.080 640 860 2 85 60 77.2 (aay 4) 
1—4A 5-11 1.780 1.780 1 92 5 1Gf6 (fen afl ” 
(iV ale OAK) 2.480 1 86 69 Witch! Tikes Oh a 
1—4A 5-13 2.660 2.660 1 92 66 TON ime » 
1—4 A 5-16 2.460 2.460 1 87 59 1Sse tra A 
J—44 5-17 3,150 3.150 i 89 60 79.2 oy ” 
1—4A. 5-18 2.420 2.420 1 86 55 13) ewer ” 
1—4A 5-19 1.800 1.800 it 83 58 74.6 Yared ” 
1—4A 5-20 1.500 1.500 i 86 58 77.8 ee , 
1—4A 5-23 1 85 50 71.4 Ta 7 ” 
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Table 6.—Continued.—Notes on the Amount of Food Consumed During a Day 


by Grasshoppers. 
Food plant—Lettuce 


Amount of food Number Temp. Fahr. Hours of 
Exp. Date Consumed grass- Hourly feeding Spe- 
1927 Max. Min. Ave. hoppers Max. Min. mean a.m. p.m. cies 


Sixth instar 


1—4A 5-6 1.100 1.100 1 85 60 ice (ete M.b 
1—4A 5-9 2.400 2.400 1 96 62 78.8 i = 4 2 
1—4A 5-10 2.330 2.330 i 91 69 TS.5 {k= Fi 4 
i= 4A 5-1 2.460") 17500 2,130 2 92 yal an ant. 
1—4A 5-12 2.670 1.520 2.010 3 86 69 78.1 Teemaet, 
1—4A 5-13 3.720 2.130 2.763 3 92 65 oe: ia Fl He 
Ab 6 ae S40) 40 1.593 3 87 59 78.3 Tey 9 
1—4A 5-17 3.350 2.520 3.006 3 89 60 19.2 (ie ctf 
1—4A 5-18 2.560 .680 1.680 3 86 55 (4) ih onl : 
1—4A 5-19 2.750 1.850 2.300 Y) 83 56 74.6 Gh a7 2 
1—4A 5-20 2.200 1.600 1.900 2 86 58 77.8 (ets Ha 
1—4A 5-23 .680 -100 .390 2 {er ve 
1—4A 5-26 3.800 3.800 1 88 68 80.3 it 
4 5-31 2.700 2.700 1 79 54 70 fh Soe} is 
4 6-1 3.800 3.800 1 87 60 76 (8 sd 
4 6-2 3.260 3.260 1 89 58 74 7-8 
4 6-7 3.900 3.900 1 88 72 i a8; 
Seventh instar 
1—4A 5-23 -960 -960 1 M.b. 
1—4A 5-26 1.900 1.770 1.835 2 88 68 80.3 Lh et + 
1—4 5-31 2.700 1.460 2.080 2 79 54 70 te S83 
1—4 6-1 2.440 2.400 2.420 2 87 60 76 (f= 433 ue 
1—4 6-2 2.360 .340 1.350 2 89 58 74 ie 43 
1—4 6-7 3.900 3.900 i 88 70 81 7-8 a 
44 6-24 4.500 4.500 1 93 65 83 3 - 
Last instar 
(Chorlophago virid) 
4-8 1.470 1.470 nl 83 65 74 (eS 
4-11 -860 .860 1 78 54 70 TS 
4-12 1.600 1,600 1 80 65 UB} 7-8 
4-13 1.280 1.280 1 7-8 
4-14 1.590 1.590 i f= 3 
Adult females 
(Chortophago virid) 
4-22 2.450 2.450 it 88 70 79 ie a2 
4-23 2.850 2.850 1 84 61 16 (he 
4-26 2.120 2,120 1 93 68 84 ts 
4-27 2.940 2.940 1 87 62 78 Gf = R 
4-28 2.370 560 1.417 4 90 65 78 ih oe} 
5-5 1.940 1.520 Le!) 4 85 62 76.1 hh 8 
Adult males 
(Chortophago virid) 
4-28 960 .320 688 10 90 65 78 fi = 8 
5-5 .830 380 643 9 85 62 Theil {ff ORS 
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Table 6.—Continued.—Notes on the Amount of Food Consumed During a Day 
by Grasshoppers. 
Food plant—Lettuce 


Amount of food Number Temp. Fahr. Hours of 
Exp. Date Consumed grass- Hourly feeding 
1927 Max. Min. Ave. hoppers Max. Min. mean a.m. p.m. 


Adult females—M. bivittatus 


1—4 6-17 6.680 6.120 6.400 2 7-8 
1—4 6-23 4.820 4.760 4.790 2 fl ores he) 
1—-4 6-24 7.520 7.000 7.260 2 93 65 83 7-8 
1—4A 6-30 7.010 4.800 5.843 3 85 58 73 Ka 8 
1—4A 7-2 6.000 3.900 5.266 3 89 58 74 He Of} 
300—14 7-15 6.390 5.900 6.145 2 85 55 73 oc 
Adult males—M. bivittatus 
1—4 5-31 .820 .820 ul 79 54 70 (23 
1—+4 6-1 2.750 2.750 1 87 60 76 iS 
1—4+ 6-2 2.740 2.740 1 89 58 74 (o:) 
1—4 6-7 3.700 3.700 1 88 70 81 7-8 
1—4 6-17 2.420 1.130 ab LAS) 2 83 56 72 7-8 
1—4 6-23 5.110 2.000 3.555 2 GW = @ 
1—4 6-24 4.610 1.840 3.225 2 93 65 83 d= 8 
1—4 6-30 2.350 1.210 1.780 2 85 58 73 t=" 8 
1—4 7-2 3.800 2.000 2.900 2 89 58 74 7-8 
300—14 7-15 5.900 1.950 3.421 7 85 5D 73 7-8 
Adult females—M. femur-rubrum 

9—14 6-24 2.760 1.800 2.280 2 92 65 84 7-8 
§9—14 6-24 1.050 1.050 1 92 65 84 is 

7-1 3.780 2.060 2.920 2 92-95 constant temp. 

7-5 4.000 3.500 3.750 2 oe x 2 
Adult males—M. femur-rubrum 
7-1 1.860 1.580 1.720 2 92-95 constant temp. 
7-5 2.170 1.820 1.995 2 . a u 


AMOUNT OF FOOD HATEN BY GRASSHOPPERS WHEN FEEDING ON 
DIFFERENT FOOD PLANTS 


Elsewhere in this paper it is shown that different food 
plants, such as alfalfa and lettuce apparently have no effect on 
the rate of development of grasshoppers, but there is an enor- 
mous difference in the amount eaten when expressed either by 
green weight or in square inches of leaf surface. As already 
shown the amount eaten by different individuals and the amount 
eaten by the same individuals vary from day to day even when 
the grasshoppers are kept under apparently indentical condi- 
tions, therefore we should have the ratio between different food 
plants varying slightly from day to day. This always occurs. 
Speaking in broad terms, M. bivittatus, M. differentialis and M. 
femur-rubrum feeding under the same conditions all eat from 
3 to 4 times as much lettuce as alfalfa per day, when the quanti- 
ty is expressed either in green weight or in square inches of leaf 
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surface. Comparative studies of Tables 5 and 6 show indications 
of this variation. 

In an experiment in which comparative studies were made 
for the first 4 instars with individuals of M. bivittatus and 
M. femur-rubrum the following results were obtained: A total 
of 35 individuals of M. femur-rubrum feeding on alfalfa and 34 
on lettuce, over a period of ten 12-hour feeding days in which 
the mean hourly temperature ranged from 70.2 to 79.5 degrees 
F., the ratio of the amount of alfalfa to lettuce eaten varied 
from 1:2.3 to 1:7.5 with an average of 1:4.9 for all instars. With 
M. bivittatus in which a total of 63 individuals were fed on al- 
falfa and 96 on lettuce, over a period representing eleven 12-hour 
feeding days in which the mean hourly temperature varied from 
70.2 to 82 degrees F., the ratio of alfalfa to lettuce varied from 
1:1.9 to 1:5.3, with an average of 1:3.4. 

It is difficult to account for the entire amount of variation. 
To do so it would be necessary to know to what extent a grass- 
hopper was capable of digesting the nutrients in each material 
utilized. The following figures give the general analysis for 
alfalfa and lettuce: 


Alfalfa* Lettuce** 
Water 74.7 percent 94.0 percent 
Ash 2.4 ze 0.9 as 
Crude protein 4.5 a 1.2 
Fat 1.0 24 0.3 
Carbohydrate 10.4 4 2.9 
Fiber 7.0 2D Onn 


*Analysis by Henry and Morrison (83) 
** Analysis by Sherman (84) 


According to the above analyses, alfalfa contains 4.26 times 
as much dry matter as lettuce, 3.7 times as much protein, 3.5 
times as much carbohydrate, 3.3 times as much fat, 2.6 times as 
much ash and 10 times as much fiber. Alfalfa and lettuce leaves 
of equal thickness weigh approximately the same per square 
inch of leaf surface. Thus, it would appear that the percentage 


of nutrient material in each food would account for most of the 
difference in the amount eaten. 


WASTE OCCURRING WHEN FEEDING 


Everyone observing the feeding habits of grasshoppers has 
noticed the enormous waste that occurs by the biting off of parts 
of the plant which fall to the ground and are never eaten. To 
make a study of this in a comparative way is difficult, due to 
the many variable factors that must be considered. Males and 
females never eat the same amount of food; the amount of food 
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eaten at different temperatures is never the same, and due to the 
difference in size of the grasshoppers and the quantity of food 
consumed, small nymphs do not waste as much as large nymphs 
and adults. All these factors cause a variation in waste and 
since they must be considered, the problem is extremely complex. 
An elementary study was made by the writer on the amount 
of waste occurring on alfalfa by adult females of M. bivittatus. 
Fifty adult females over a period of 12 hours, from 7 a. m. to 
7 p.m., at a mean hourly temperature of 80 degrees F., destroyed 
26.352 grams of green alfalfa of which 4.404 grams were cut and 
never eaten. This is 16.7 percent of the amount destroyed. 


THE EFFECT OF THE LENGTH OF DAY ON FEEDING 


The length of day, providing the temperature remains with- 
in the limits of activity, should affect the feeding operations 
of grasshoppers. These facts are generally known, but there 
are few records in literature which give specific information on 
this question. In the case of grasshoppers, the question is of 
economic value since control is based to a great extent on the 
feeding habits. 

Experimental evidence shows that high mean hourly tem- 
perature is conducive to an increased metabolic activitiy and 
rate of food consumption. Temperature is often one of the fac- 
tors which limits feeding during a day. During summer there 
can be found in Colorado, days which have temperatures that 
would permit long hours of feeding. 

Results obtained in a study of daily food habits indicated 
that the length of day has a special significance in the amount 
of food consumed by grasshoppers, so an experiment was per- 
formed to obtain definite data covering this point. 

Three species of grasshoppers M. bivittatus, M. differential- 
is and Chortophaga viridifaciatus were studied. Several stages 
in their development, including males and females were consid- 
ered. The insects were fed under constant temperature and light 
conditions for a period of 24 hours. A constant temperature of 
95 degrees F. was employed. The amount of food eaten was re- 
corded at 12- and 24-hour intervals. The summarized results 
indicated that the length of feeding day has an important bear- 
ing on the quantity of food a grasshopper will eat. Feeding oc- 
curred over the entire 24-hour period, and the amount of food 
eaten was greatly increased. There was some range of variation 
for individuals, some individuals increasing the quantity eaten 
but slightly over the 12-hour period, while others more than dou- 
bled the quantity. 
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These variations are to be expected since on any day there 
is a decidedly wide range as to the feeding activities of individ- 
uals. . . . . . 

In summarizing a series of 6 experiments in which 40 indi- 
viduals were studied it was found that there was an average of 
from 56.7 to 74.6 percent increase in the 24-hour day over the 
12-hour. ; 

The detailed results are given in Table 7. 

Table 7..—Notes on the Amount of Food Consumed in Square Inches During 


Long and Short Days by Grasshoppers. Constant Temperature 95 Degrees F. 
Food plant—Lettuce 


Percent- 
Amount age 
Amount food consumed Amount food consumed Num-_ in- in- 
Exp. Date in 12 hours in 24 hours— ber crease crease 
1927 8 a. m. - 8 p. m. Light 24 hours Grass- over over 
8a, mM. = 8 aim: hop- 12 12 
Max. Min. Ave. Max. Min. Ave. pers hours hours 
Chortophaga viridifaciatus 
First instar 
i Yea kiss -065 045 O51 £20 .060 .082 14 .031 60.7 
2 F-18 Pallas AOI 983 .200 .092 145 14 .062 74.6 
M. bivittatus 
Sixth instar 
3 7-15 7.800 4.540 6.170 10.520 9.480 10.000 2 3.830 62 
4 7-18 5.300 1.950 3.665 11.300 2.950 6.027 4 2.362 64.4 
M. differentialis—Males 
5 8-3 5.350 2.580 3.965 8.450 3.980 6.215 2 2.250 56.7 
M. differentialis—Females 
6 8-3 4.660 2.650 3.750 8.660 2.650 6.074 4 2.325 62 


MOULTING AND ITS EFFECT ON FEEDING 


Shortly before a grasshopper moults there is a rapid decline 
in the amount of food eaten. Usually it does not eat the day 
prior to moulting. The number of hours between the time feed- 
ing ceases and the skin is shed will vary. High temperatures 
shorten the time considerably. Often there is a period of 24 
hours or more in which no feeding takes place. Immediately 
after moulting grasshoppers do not eat for several hours, but 
will begin to eat soon after the chitin hardens. 

It is rather difficult to correlate the moulting with poor re- 
sults that are often obtained with poisoned-bran mash. It is 
known that nymphs hatched on the same day and from the same 
egg pod under field conditions will vary in their size and moult- 
ing dates before reaching maturity. In a field containing a large 
number of nymphs hatched at approximately the same time 
there will be a peak in the curve representing their dates of 
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moulting. At this peak it appears plausible to believe that 
poisoned-bran mash would be least effective. If only 25 percent 
of the grasshoppers moulted on this date, the efficiency of the 
bait would be materially affected. Regardless of time of hatch- 
ing, this must be considered as one of the factors which reduce 
the efficiency of bait. In the laboratory studies this was a big 
factor in the average rate of food consumption for a_ series. 
Fasting on the day before and the day of moulting was always 
very noticeable. Often an individual would not eat for 2 days 
during the moulting period. 


DIFFERENCE IN THE RATE OF FOOD CONSUMPTION 
BETWEEN ADULT MALES AND FEMALES 


Adult females are larger than males and it would be natural 
for them to eat greater quantities of food. In addition to this 
they must eat to produce the large number of eggs which they 
lay. Males must also eat to produce the sperms as well as to 
maintain their bodies. 

However, after considering the difference in body weight 
and size of males and females it appears that more food is re- 
quired for egg production than sperm production. The differ- 
ence in the amount of food eaten by the sexes is great. On com- 
paring 113 males against 94 females, it was found that the fe- 
males ate from 1.8 to 3.6 or an average of 2.5 times more food 
than males in a 12-hour day. Computing this on the basis of 
percentage, the females of this series ate from 80 to 260.5 per- 
cent more food per day than the males. Table 8 gives the de- 
tails. 


Table 8.—A Comparison of the Amount of Food Consumed Daily by Adult 
Male and Female Grasshoppers. 


Ave. amount food Number Percent- 
Exp. Date Species consumed sq. in. grasshoppers age Food 
Males-Females Males-Females increase* plant 
1-1 6-20-27 M.b.** 950 1.840 52 42 93.6 Alfalfa 
1-4 6-17-27 gu Maret) 6.400 2 2 260.5 Lettuce 
1-4 7-2-27 2.900 ».266 2 3 81.5 J 
1-4 6-30-27 1.780 843 2 3 228.1 a 
27 10-22-26 .720 2.146 20 20 198 Alfalfa 
2-2 5-5-27 (emf 643 1.705 9 4 165.1 Lettuce 
2-4 7-1-27 M.f.r. 1.851 3.800. 4 4 80.1 =} 
2-3 6-23-27 M.b. 2.666 5.950 20 14 123. 
1-4 6-24-27 a 3.225 7.260 2 2 Haye i 


*Percentage increase of females over males. 
**M.b.—Melanoplus bivittatus. 


C.v.—Chortophaga viridifaciatus. 
M.f.r.—Melanoplus fenur-rubrwn. 
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DIFFERENCE IN THE AMOUNT OF FooD EATEN 
BY DIFFERENT SPECIES 


To obtain an index of the differences in the amount of food 
eaten by adults of different species, a comparison was made with 
Melanoplus bivittatus, M. differentialis and M. femur-rubrum. 

As size would indicate, the difference in the amount eaten 
is quite noticeable between the large and small species. Melan- 
oplus bivittatus and M. differentialis, the 2 larger species, eat 
approximately the same amount with slight variations, while 
M. femur-rubrwm eats considerably less. It is not uncommon 
to find females of M. bivittatus eating from 4 to 7.5 square inch- 
es of lettuce during a 12-hour day. M. femur-rubrum under the 
same conditions, will eat from 2 to 4 square inches. The same con- 
dition occurs in the males, M. bivittatus commonly eating from 
2.5 to 5 square inches and M. femur-rubrum eating from 1.5 to 2 
square inches of lettuce under the same conditions. Comparative 
studies made with males of M. differentialis and M. femur- 
rubrum under constant temperature of 95 degrees F. for a 12- 
hour period showed that the former avereaged 3.750 square 
inches of lettuce and the latter averaged 1.857 square inches. 

A study of the average amount of food consumed during a 
12-hour day for all individuals under temperature conditions 
from 68 to 95 degrees F. showed that females and males of M. 
bivittatus average 5.95 and 2.66 square inches of lettuce respec- 
tively while M. femur-rubrum averaged 2.50 and 1.85 square 
inches. 

The above is a significant factor when considering grass- 
hopper damages. A field infested with M. bivittatus. or M. 
differentialis will suffer twice the loss each day that it would if 
infested with one of the smaller species such as M. femur- 
rubrum in the same numbers. 


THE EFFECT OF AGE OF ADULT ON Foop CONSUMED 


As long as the adults are active and producing eggs or 
sperms, the rate of food consumption found in newly emerged 
adults appears to be maintained for a period of at least 30 days. 
Table 9 shows this for both males and females of M. bivittatus. 
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Table 9.—Showing Relative Rate of Food Consumption over a Period of 30 
Days for Adults. 
Food plant—Lettuce 


Female Female Male Male Temperature 
Date number number number number Min. Max. Mean 
1927 1 4 2 3 Hourly 
5-31 -820 54 th) 70 
6-1 2.750 60 87 76 
6-7 3.700 70 88 81 
6-12 2.740 58 89 74 
6-17 6.680 6.120 1.870 2.420 
6-23 4.820 4.760 2.000 5.110 
6-24 7.000 7.52 1.841 4.610 65 93 83 
6-30 5.720 7.010 1.210 2.350 
7-2 6.000 5.900 2.000 3.800 


Grasshoppers collected from the field that gave indications 
of being very old ate equally as much as young adults under 
the same conditions. This was shown by the following experi- 
ment: In the fall of 1926, a series of old males and gravid fe- 
males of M. bivittatus. was collected for study. The battered 
condition of the wings gave evidence of their age. On October 22, 
20 females and 19 males were fed alfalfa individually and re- 
sults recorded. The females ate an average of 2.126 square 
inches each while the males ate an average of 0.757 square 
inches each. The temperature ranged from 64 to 77 degrees F. 
with a mean hourly temperature of 69.6 degrees F. This amount 
is equal to as much as newly emerged males and females would 
eat under the same conditions. 


NUMBER OF FEEDING PERIODS DURING A DAY 


If a day is divided into 12 feeding periods of 1 hour each, 
a knowledge of the number of these periods in which a grass- 
hopper will take food is of value in estimating the chances it has 
of being poisoned with bait. Experimental evidence indicates 
that the number of periods is very variable. Such factors as 
temperature and kind of food available seem important. 

With regard to temperature, as stated before, very little 
feeding occurs below 65 to 68 degrees F. Above these tempera- 
tures the amount of food consumed, as well as the number of 
feeding periods, increase. 

The kind of food plant also causes a wide variation in the 
number of feeding periods during the day. Animals given iden- 
tical conditions except for difference in food show a distinct var- 
iation. Table 10 shows the effect of lettuce and alfalfa on the 
frequency of feeding as indicated by a study of 559 individual 
grasshoppers of M. bivittatus. 
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Table 10.—Notes on Number of Feeding Periods During a Day for Melanoplis 
bivittatus. 
Number 
grass- Number hourly Temperature Length 
Date Exp. hop- feeding periods Fahr. Food of day 
pers Total Min. Max. Ave. Max. Min. Mean a.m.-p.m, 


First instar 


5-16-27 200 13 50 i! 6 Rigs 85.5 59. 70.6 Lettuce R= FF 
5-17-27 300 13 OT iD 8 6.9 89 60 Wee ve vo Gt ai 
5-18-26 10 nl ih 4 it.) 64.5 48.5 57 Alfalfa 6 - 6 
5-18-26 all 9 25 a 4 2.8 87 67 74.5 “g 6 - 6 
5-21-26 12 5 thas 1 6 3.4 90 64 ities 5 - 7 
Second instar 
eR PO) AG (G0 89 51 75.3 Lettuce (oat 
5-23-27 300 12 68 2 8 5.6 85 50 71.4 # Ga 
5-25-27 300 12 82 5 11 6.8 87 61 78.9 {Care efi 
5-25-27 100 9 38 2 6 4.2 87 61 78.9 Alfalfa ferent 
7-23-26 26 8 28 2 6 30D 80 58 69.6 ue 5 = 8 
Third instar 
6-1-27 200 13 94 3 altel; G2 87 60 79 Lettuce A ois bank 
6-2-27 300 ih ak 5 8 6.4 89 61 72 i t= 8% 
6-1-27 100 9 48 3 a Be) 87 60 19 Alfalfa (aceon ( 
6-2-26 14 8 22 a 6 2.8 80 58 Ri A (ems yi 
6-20-26 21. 10 31 il 5 3.1 84 BT 72 ot 5 - 8 
Fourth instar 
6-17-27 200 10 53 1 9 5.3 83 58 74.5 Lettuce an 
6-17-27 300 ial 68 il 9 6.1 83 58 74.5 4 =e 
6-17-27 100 9 29 il 6 3.2 83 58 74.5 Alfalfa k= 
Fifth instar 
6-30-27 200 8 41 2 10 5.2 85 58 74.2 Lettuce iG eet 
6-30-27 300 6 30 2 9 5 85 58 74.2 a3 Tita, 
6-30-27 100 5 18 1 6 3.6 85 58 74.2 Alfalfa nr 
7-20-26 22 18 61 aL 6 3.4 84 57 T2 le By ats) 
7-23-26 25 18 59 it 5 3.3 80 58 69.6 a 5 - 8 
Adult males (Young) 

7-20-26 23 17 55 i 6 3.2 84 57 72 : 5 = 7 
7-23-26 24 ald 49 1 7 eS 80 60 69.6 2 6 - 8 
Adult males (Old) 

10-22-25 Que 19 2 af 4 2 78 64 69.4 He 8 - 5 
10-25-26 30 17 39 1 4 2.3 79 65 74 a 8 - 5 
10-22-26 31 15 31 1 4 2 78 62 71.6 i 8 ="5, 
10-27-28 33} 16 34 1 4 2.1 78 66 ERR) 4 8 - 5 
10-28-26 35 16 30 al 4 2 12 65 69.1 * 8-5 
10-29-26 37 25 65 1 tf 2.6 66 48 61.7 Rose Leaves 8 - 5 
Adult females (Gravid) 

10-22-26 29 20 78 it 6 3.9 78 64 69.4 Alfalfa 8 = 5 
10-25-26 29 32, 1133 1 7 4.1 79 65 74 wy 8 - 5 
10-26-26 32 38 141 a ie Baill 78 62 {AUS ce 8 - 5 
10-27-26 34 28 116 i 6 4.1 78 66 hoes Hy 8 - § 
10-28-26 36 28 84 1 5 3 72 65 69.1 4 8 -~ 5 
10-29-26 38 14 24 if 3 weg) 66 48 61.7 Rose 8 - 5 
11-5-26 39 19 67 il 5 CFU) 82 62 alee, Four O’clock 8 - 5 


Average Number of Feedings per day on lettuce 5.7. 
Average of Number of Feeding per day on alfalfa 3.2. 
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Grasshoppers feeding on lettuce ate during a greater num- 
ber of periods than those feeding upon alfalfa. This was to be 
expected as grasshoppers consumed greater quantities of lettuce 
both by weight and volume than alfalfa. The average number 
of periods in which feeding occurred for 559 individuals feeding 
under the varying temperature conditions of the experiments 
was 95.7 for lettuce and 3.2 for alfalfa. The maximum was 11 
periods for lettuce against 7 for alfalfa. (Figure 6 gives evi- 
dence of the greater number of times feeding occurs on lettuce 
than on alfalfa.) The grasshoppers in this experiment were 
under the same environmental conditions except for food. In 
each case all of the grasshoppers ate during the day, but the 
percentage feeding each hour was much greater on lettuce than 
on alfalfa. 


TIME UTILIZED FOR HATING 


The time required, the amount eaten, the time feeding oc- 
curs and the number of individuals feeding are important fac- 
tors and have a bearing on control recommendations for grass- 
hoppers. 

Studies were made to determine the total time utilized for 
feeding during a l-hour period. There was considerable individ- 
ual variation during any one period, as well as a variation from 
period to period. Ina study of adult gravid females of M. 
bivittatus it was found that the time varied from 3 minutes to 
as much as 49 minutes and 20 seconds. For 25 grasshoppers 
observed the average was 16.1 minutes. There were times when 
feeding would not last for any noticeable length of time, the 
grasshoppers taking only 1 or 2 bites and not feeding further. 
The details of this series of experiments are shown in Table 11. 

Studies were also made of nymphs ranging in age from the 
first to fifth instar. Grasshoppers in the above-mentioned stages 
varied the total time used to eat during one period from 2 to 23 
minutes. 

According to the above one can see that grasshoppers 
spend only a relatively small portion of the day feeding. To 
illustrate this: Take the maximum number of periods feeding 
occurred in any experiment, which was 7 for alfalfa and 11 for 
lettuce. Then allowing 16 minutes for each feeding period, one 
finds that in a 12-hour day with the temperature ranging be- 
tween 70 and 90 degrees F. a grasshopper on lettuce spends 2 
hours and 56 minutes at actual feeding, while a grasshopper on 
alfalfa spends only 1 hour and 52 minutes. 
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Table 11.—Time Utilized by Adult Gravid Females M. bivittatus to Eat During 
a 1-hour Period and Amount of Leaf Surface Consumed. 
Food plani—Lettuce 


Time Time Temp.at which Leaf area 
Exp. utilized at feeding feeding consumed during Date 
feeding began began feeding period 

2 3 Min. 8:45 a.m. 69 Fahr. sod 10-22-26 
i) 120s 80 Sec: OE iia st iin Wire 10-21-26 
3 pe EE SENG os 9 345 MY Ue 1.00 10-21-26 
4 1 ea Oa 10:52 iB 76 ug 1.25 10-21-26 
5 yy ee 10:32 : 76 ay .95 10-21-26 
{i 7 q 45 rik 70 ch 1.12 10-21-26 
8 14 wees 70 2 1.50 10-21-26 
10 Ag 2:0 8 :26 64-69 ts .90 10-22-26 
3 10 Ze 50 J 8:25 64-69 iY 64 10-22-26 
17 al sO) : 8:20 : 64 -88 10-22-26 
18 Se 8:20 70 83 10-23-26 
la ee 42 at 20 79 41 10-25-26 
2a 27 a 11:30 1.55 10-25-26 
3a aly 22 2330 PD. mM. 133 .80 10-25-26 
22 aye 4 5D : 8:20 a.m. 70 1.30 10-26-26 
23 4 a By 8:25 se 70 .20 10-26-26 
24 BE BY) 8a23 70 .25 AiO = 272216 
Ps) 13 2a? 8:35 , 72 91 10-28-26 
26 16 30 2.2.0) pe in. 69 ha 10-28-26 
27 Gp 15 2:21 is ) 10-28-26 

28 Sx) 9:06 a.m. 70 a 11-3-26 

29 ts F 10 9505 bss 70 2 11-3-26 

30 5) 25 9:10 a 70 : 11-3-26 

31 8 ‘ 10 :30 78 a Us 11-3-26 

32 5 1G 10:00 M wl 3 .65 11-3-26 


The above figures probably vary from those that would 
actually be encountered in the field, but indicate the approximate 
time spent during a day in food consumption. 

In the course of a comparatively short period grasshoppers 
are capable of consuming large quantities of food. For exam- 
ple on October 11, 1926, 1 adult female of M. bivittatus. was ob- 
served to eat 1.12 square inches of lettuce in 7 minutes and 45 
seconds at a temperature of 70 degrees F. However, as a rule, 
the amount eaten in the above time is somewhat less. 


A COMPARISON OF DIFFERENT Foop PLANTS ON 
RATE OF DEVELOPMENT 


An attempt was made to gain information relative to the 
rate of development on different food plants. Since there was 
a wide variation in the amount of leaf surface eaten by the same 
species of grasshoppers when feeding on different plants, it oc- 
curred to the writer that this difference might cause some vari- 
ation in the rate of development. Even if the dry weight food 
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value was the same, it appeared possible that the process of car- 
ing for the excess bulk and water might so affect the metabolic 
rate that a variation would occur. With this in mind 2 species 
of grasshoppers, M. bivittatus, and M. femur-rubrum, were se- 
lected and reared. The grasshoppers were kept under apparent- 
ly identical conditions, except for food. One series was fed en- 
tirely upon alfalfa, the other entirely upon lettuce. The grass- 
hoppers were fed daily and notes made upon moults and condi- 
tions of development. In the first experiment 12 individuals of 
M. femur-rubrum were used. In the second experiment 24 in- 
dividuals of M. bivittatus were used. Table 12 gives a summary 
of the results obtained. 


Table 12.—Comparison of Different Food Plants on Rate of Development. 


Number 
Exp. Average number days for each instar days required for development 
1 2 3 4 5 Max. Min. Ave. 
M. femur-rubrum 
Plant food—Lettuce 
1 10.8 10.6 9.4 12 19.6 65 59 62.4 


M. femur-rubrum 
Plant food—Alfalfa 
1 ap Wey 13.6 12.4 14.6 16.4 ttl 64 68.2 
M. bivittatus 
Plant food—Lettuce 
10 8.5 algil LO, 13 60 49 538.2 
M. bivittatus 
Plant food—Alfalfa 
10.5 8.5 9.5 11 15.2 64 51 54.7 


bo 


bo 


At first glance it appears that the grasshoppers M. femur- 
rubrum in the first experiment developed more rapidly on let- 
tuce than alfalfa. The average for all shows that the individuals 
feeding on lettuce completed 5 instars in 62.4 days while those 
feeding on alfalfa required 68.2 days, a difference of 5.8 days. 
A further study of the data shows that there was considerable 
overlapping in the development, so that some of the individuals 
feeding on alfalfa developed apparently as fast as some of those 
feeding on lettuce. This would indicate that there is probably 
little, if any, difference in the rate of development on the 2 food 
plants. Since there is a wide range in the rate of development 
of individuals, the difference could probably be accounted for in 
experimental error as there were only 12 individuals in the series. 

This can be further illustrated by the fact that, in a series 
of experiments on the development of M. differentialis under 
identical food conditions and at a constant temperature of 95 
degrees F., there was considerable variation in the rate of devel- 
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opment. All individuals of this series reached maturity in an 
average of 24.7 days. The minimum time required for growth 
was 22 days with a maximum of 32 days, thus giving a variation 
of 10 days. 

In the second experiment, 24 individuals of M. bivittatus 
were used. The method of experimentation was the same as 
for the M. femur-rubrum. Those grasshoppers feeding on the 
lettuce developed thru 5 instars in an average of 53.2 days while 
the average for those fed alfalfa was 54.7 days, a difference of 
1.5 days in favor of those fed lettuce. As in the preceding ex- 
periment, there was considerable overlapping in the rate of de- 
velopment. Many of the individuals feeding on alfalfa develop- 
ed as quickly as those feeding on lettuce. 

The average difference in the rate of development for the 
2 series is small and it is entirely possible that the variation is 
within experimental error, or even within individual variation 
as has been illustrated. 


THE EFFECT OF LIGHT ON DEVELOPMENT 


Since all our common injurious grasshoppers are active al- 
most entirely during daylight and are phototrophic, that is they 
respond toward light, one would conclude that light is essential to 
food consumption and development. The fact that activity in 
nature usually ceases when night approaches, would seem to 
confirm the above conclusion. 

During the season of grasshopper development the hours of 
daylight vary to some extent. The writer, thinking this might 
have some effect upon development, made this study. 

In an effort to determine the effect of light, if any, on the 
rate of development in M. differentialis, 2 sets of experiments 
of 20 grasshoppers each were begun. In experiment 1 the temper- 
ature was held to 92 to 95 degrees F., and one-half of the grass- 
hoppers were exposed to light for 24 hours. During the night, 
light was furnished by a 75-watt electric lamp. The remaining 
one-half of the grasshoppers were given light only 12 hours dur- 
ing the day and then placed in complete darkness. In the second 
experiment the same arrangement as in experiment 1 was follow- 
ed except that at night instead of being exposed to a temperature 
of 92 to 95 degrees F. the grasshoppers were exposed to natural 
temperature. The results were based on the average of those 
grasshoppers surviving 5 instars. 

The grasshoppers in experiment 1 exposed to 12 hours of 
light developed thru 5 instars in an average of 23.6 days, while 
those exposed to 24 hours of light developed in and average of 
25.1 days. 
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In the second experiment a reverse of the conditions of ex- 
periment 1 occurred. The insects having 24 hours of light de- 
veloped in an average of 32.4 days while those exposed to only 
12 hours of light developed in an average of 36 days. 

Considering the number of grasshoppers in the experiment, 
it is entirely possible to account for the above variation by indi- 
vidual variation in growth. It is known that grasshoppers rear- 
ed under apparently identical conditions will vary considerably 
in their rate of growth. Therefore, from the above results it 
would seem that light does not affect the rate of growth under 
the above-named conditions. Table 12 shows the details of the 
experiment. 

In caring for these experiments it was observed on numer- 
ous occasions that grasshoppers would eat in complete darkness 
when the temperature was sufficiently high. Not only would 
they eat but they would also moult and grow. 


Table 13.—A Study of the Effect of Light Upon the Development of 
M. differentalis. 
A.—Constant temperature of 92-95 degrees F.; light for 12 hours and darkness 
for 12 hours. 


Date Days required 
Indi- hatched Moults to develop 
vidual 1927 First Second Third Fourth Fifth 5th instar 
1 6-3 6-9 6-13 6-17 6-21 6-27 24 
3 6-3 6-9 6-13 6-16 6-238 6-29 26 
7 6-3 6-9 6-14 6-17 6-21 6-26 23 
9 6-3 6-9 6-13 6-17 6-20 6-26 23 
10 6-3 6-9 6-13 6-17 6-21 6-25 22 
Average 23.6 
B.—Constant temperature 92-95 degrees F.; constant light 24 hours. 
12 6-3 6-9 6-14 6-17 6-20 6-26 23 
14 6-3 6-9 6-15 6-18 6-21 6-26 23 
15 6-4 6-12 6-16 6-19 6-25 7-6 32 
LG. 6-3 6-9 6-12 6-16 6-19 6-25 22 
18 6-4 6-11 6-17 6-20 6-25 7-2 28 
50 5-31 6-7 6-10 6-14 6-18 6-23 23 
Average 25.1 
(.—Constant temperature 92-95 degrees F. 12 hours; natural temperature at night 
12 hours, light 24 hours. 
Vi, 6-4 6-11 6-17 6-21 6-27 7-4 30 
a3 6-4 6-11 6-17 6-22 6-27 7-4 30 
24 6-4 6-11 6-17 6-20 6-26 7-2 28 
25 6-4 6-11 6-17 6-20 6-26 7-4 30 
26 6-4 6-11 6-17 6-21 6-26 7-6 32 
Ib 5-29 6-9 6-14 6-20 6-24 Lost 
2x 5-29 6-10 6-15 6-20 6-26 7-2 b4 
ax 5-29 6-10 6-15 6-20 6-25 7-6 38 
4x 5-29 6-9 6-14 6-20 6-25 7-1 33 
5x 5-29 6-9 6-14 §-20 6-26 7-5 387 
32.4 


Av rage 
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D.—Constant temperature 92-95 degrees F. 12 hours; natural temperature at night 
12 hours; light 12 hours; darkness 12 hours. 


30 6-4 6-11 6-17 6-22 6-27 7-15 31 
33 6-4 6-11 6-17 6-23 6-29 7-22 48 
38 6-4 6-11 6-17 6-21 6-29 7-7 33 
39) 6-5 6-12 6-17 6-23 6-29 7-7 32 
Average 36 


ACTIVITIES IN DARKNESS 


Riley (60) states that M. spretus does not feed at night dur- 
ing cool weather, but when the weather is warm and dry it is 
often as ravenous during the night as during the day. He also 
gives evidence that there were times when flights occurred at 
night. He stated that Gerstaecker reported that the European 
migratoria fed mostly at night. 

Usually the common injurious species of grasshoppers in 
Colorado exercise little or have no activity at night. They are 
usually found motionless in their characteristic roosting posi- 
tions. Parker (54) has shown that for Camnula pellucida in 
Minnesota, this phenomenon can be correlated with temperature. 
He also shows that it is not a light reaction since the time when 
roosting begins in the field depends upon the temperature rather 
than the hour. 

The writer in his work noticed that occasionally feeding oc- 
curred at night. As a result an experiment was started to de- 
termine the effect darkness would have upon activity. 

During June, 1927, 2 series of experiments were made in 
which 20 second instar M. bivittatus were used. In one set the 
grasshoppers were kept in complete darkness. In the other the 
grasshoppers were exposed to normal conditions as afforded by 
daylight. Both experiments were kept under the same condi- 
tions except for light. The temperature was maintained above 
70 degrees F. At the end of 24 hours the amount of food eaten 
was measured. Those grasshoppers kept in complete darkness 
consumed an average of .168 square inches of lettuce each. The 
maximum amount eaten by one individual was .234 square inches 
and the minimum amount was .058 square inches. Those indi- 
viduals fed under normal light conditions ate an average of .139 
square inches of lettuce, with a maximum of .124 and a minimum 
of .093 square inches. 

This indicates that when the temperature is within the 
range of activity a grasshopper will eat in darkness and at night 
as well as in the daylight. Numerous other observations in 
which comparisons were not made bear out this conclusion. 

Another test was made in which grasshoppers were reared 
in complete darkness except for the few minutes each day that 
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was required to place food in the cage. It was found that M. 
bivittatus will eat, grow and moult when kept in complete dark- 
ness. No extensive comparisons were made of the effect that 
darkness had on the rate of development but preliminary com- 
parison was made between the first and second moults. The 
series given normal conditions required an average of 11.6 days 
to pass from the first to the second instar. The maximum num- 
ber of days was 14 and the minimum 9 days. Those kept in 
darkness averaged 10.1 days with a maximum of 13 days and a 
minimum of 9 days. This would indicate that the rate of de- 
velopment was about the same. Elsewhere in this paper it is 
shown that the rate of development is essentially the same under 
continuous light as it is under intermittent darkness of 12 hours 
and light 12 hours. This would tend to further confirm the above. 
Temperature records were not kept over the entire period of the 
experiment but the grasshoppers completed their growth in an 
average period of 67 days. 

According to these results it appears safe to predict that 
under favorable conditions grasshoppers will eat and cause 
losses during the entire 24 hours of the day. However, in Colo- 
rado, with its cool nights, grasshoppers do not normally feed 
during the entire night. Feeding probably occurs only during 
those hours of the night when the temperature is above 68 de- 
grees F, 

ECONOMIC ASPECTS OF THE RESULTS 


An analysis of results obtained in this research indicates 
that the following factors are of economic importance: 

Temperature is an important factor in reproduction, devel- 
opment and feeding habits. These activities are closely associat- 
ed with the economic status. High mean daily temperatures are 
conducive to rapid development, which indicates that if other 
weather conditions are favorable a year with a combination of 
an early spring, hot summer and late fall is ideal for grasshop- 
per development and maximum damage. Such conditions would 
cause early hatching of eggs as well as early maturity of the 
insects. Further, these conditions make maximum losses possi- 
ble not only from the nymphs but from the adults, due to the 
favorable days which permit a long period over which feeding 
can occur. Egg production would also be at its maximum which 
would favor an outbreak the following year. 

Since adults eat almost 100 times as much in a day as first 
instar nymphs, grasshoppers should be poisoned when they are 
in the nymphal stage. Poisoned bait should be applied during 
the period when activity is confined to the surface of the ground. 
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Bait should not be applied during specified hours, but only dur- 
ing those hours in the day, when the ground temperature is at 
least 68 degrees F. and less than 100 degrees F. After the ground 
temperature goes above 98 degrees F. poison should not be ap- 
plied since grasshoppers have a tendency to climb vegetation and 
other debris to a comfortable temperature.. After the grasshop- 
pers leave the ground they do not feed on the bait on the soil 
surface but upon the vegetation on which they rest. 

It would appear that the efficiency of the bait is determined 
by the number of hours that it is comfortable for the grasshop- 
pers to feed at the surface of the ground. If the ground-feeding 
period is relatively short and universal feeding does not occur, 
control results are not apt to be as satisfactory as when this 
period is longer. 

The morning hours are most desirable for the application 
of baits since at that time the ground-feeding periods are longest. 
The bait should be on the ground by the time the surface temper- 
ature reaches 68 or 70 degrees F. in order to permit as many 
grasshoppers as possible to feed upon it. 


If bait is applied after the first general feeding period of the 
day is completed, the chances are that a high mortality will not 
be obtained due to the fact that the feeding periods of grass- 
hoppers are of short duration. Moreover, the insects feed only 
during a small number of periods in the course of a day. This 
is regulated by the temperature and character of the food plant, 
altho the kind of food plant is likely to have an indirect bearing 
on the results obtained. For example, if the food is lettuce the 
chances should be greater for a high mortality than if the food 
is alfalfa because grasshoppers eat more often when feeding 
upon lettuce than on alfalfa. Thus the opportunities for being 
poisoned-are increased. 


When the insects are in the nymphal stage it appears that 
moulting may at times be a factor responsible for ineffective 
kills. Under ordinary conditions 1 to 2 days are lost during the 
moulting process. If a field containing nymphs of approximately 
the same age be poisoned during the moulting period, it is likely 
that a markedly inefficient kill will be obtained. It is known 
that all grasshoppers hatched on the same day do not moult at 
uniform periods, but if only 25 percent moulted on the same day 
the results in control might be very noticeable. 

The species infesting a field will make a difference in the 
actual losses to the grower. M. bivittatus and M. differentialis, 
eat almost twice as much per day as M. femur-rubrum. There- 
fore an infestation of one of the larger species which equals in 
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numbers the smaller species will cause twice the loss of the small- 
er species. 

If the temperature is sufficiently high, losses will occur dur- 
ing both day and night. Light appears to have no affect on feed- 
ing. 
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PREFACE 


The primary purpose of this tax guide is to place in 
the hands of farmers and ranchmen tax information that 
is most often used so that they may know their duties, 
rights, and privileges in regard to general taxation. 


It is not intended to give the full text of the tax laws, 
but simply to give a summary of selected portions. Many 
Colorado farmers and ranchmen are not aware of the 
provisions safeguarding their rights and therefore fail 
to protest against certain injustices and unintentional 
mistakes. Failure to make a protest at the proper time 
places the responsibility for unjust and excessive taxa- 
tion upon the taxpayer himself. 


The assessment, levy, collection of taxes, and sale of 
property for taxes is entirely governed by law and court 
decisions and it is well to have at least a knowledge of 
the fundamentals. Taxes should be levied without favor- 
itism for any special group and with full justice for all 
classes. 


The county assessor and treasurer or your local at- 
torney will always be glad to give you information in re- 
gard to your tax problems. 


Attention is called to several recent publications on 
taxation problems in Colorado as follows: Don C. Sowers, 
“The Tax Problem in Colorado,” University of Colorado 
Bulletin, Vol. XXVIII, No. 12 General Series No. 261, 
Bouider, Colorado, 1928; “The Problem of Over-appro- 
priation and the Public Bonded Indebtedness of Colora- 
do,” Colorado State Teachers College Bulletin, Series 
XXVIII, No. 8, Greeley, Colorado, 1928; Whitney Coombs, 
L. A. Moorhouse, and Burton D. Seeley, “Some Colorado 
Tax Problems,” Bulletin 346, Colorado Agricultural Ex- 
periment Station, Fort Collins, Colorado, 1928. 


YUTLINE OF COLORADO TAX LAWS 
FOR FARMERS AND RANCHMEN 


By G. S. KLEMMEDSON AND C. C. GENTRY 


Levying Taxes 


Taxes take about 30 percent of the farmers’ net in- 
ome so it is only natural for the average farmer to in- 
uire as to how his tax money is spent, whether the cost 
f the service he demands is fairly distributed, and 
rhether he is getting his money’s worth for what he 
ays. Farmers receive not more than 25 percent of Col- 
rado’s income and pay approximately 35 percent of the 
x. 

Seventy percent of the revenue is obtained from the 
eneral property tax. Thirty percent is obtained from 
ne following sources of revenue: 4-cent gas tax; motor- 
ehicle license fee; inheritance tax; 2 percent of annual 
surance premiums; corporation annual franchise tax; 
usiness and non-business licenses; metal-mining fund; 
unting and fishing licenses; income from state lands; 
rants from the federal government; and miscellaneous 
inds from state departments and institutions. 

The increasing expansion in local government activi- 
es and expenditures is due to the fact that taxpayers 
emand more and better schools, highways, hospitals and 
ther public services of all sorts. The annual tax on the 
ealth of Colorado is for the purpose of providing for 
1ese services, furnished for our benefit and protection 
y the state, county, school district, city and town. 

Colorado has delegated by constitutional and statu- 
ry enactment the power to levy taxes under certain con- 
itions and for certain purposes. (Art. 10 State Const.) 


Taxes for state purposes are provided by the gener- 
assembly and levied by the State Board of Equaliza- 
on. This levy may not exceed 5 mills on the dollar, 1 
ill of which may be used for the purpose of educational 
lildings at the discretion of the general assembly. 
(367) (Art. 10, Sec. 2 and 11, State Const.) 

County commissioners levy taxes for the purpose of 
wing county expenses of different kinds such as the 


yte: The number after each paragraph refers to sections in Com- 
ed Laws of Colorado—1921, Session Laws, or Articles in the State 
nstitution, 
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paying of outstanding warrants and other indebtedness 
(not to exceed 5 mills on the dollar) ; for the erection and 
maintenance of buildings; for roads and bridges; bonds 
and interest; mothers’ compensation (not to exceed one- 
eighth mill) ; for the poor; and for school purposes. The 
power of levy is limited to certain mill levies based on the 
assessed valuation of the county as prescribed by sections 
7204 to 7214, and 1246 of the Compiled Laws of Colorado, 
1921. For example, section 1246 states that county com- 


_missioners may levy a property tax for road purposes 


which shall not exceed one dollar on each $100 to be lev- 
ied and collected in the same manner as other property 
taxes. (7204) (8665) (7457) 


The county commissioners annually levy a tax (not 
to exceed 5 mills), for the purpose of paying teachers’ 
salaries. (8448) (8449) (8450) (Chap. 159, Ses. Laws, 
1927) 

Money for the use of teachers’ retirement fund may 
be secured by a special levy (not to exceed one-fifth of 
one mill), upon the property in first-class school districts. 
(8459) 

The county commissioners may levy a tax (not to 
exceed 4 mills), for the maintenance of the high school 
in any district except in the case of union high schools 
in fourth or fifth-class counties, that is, counties with the 
smallest population, in which case the mill levy shall not 
be less than 1 mill or more than 3 mills. (8411) (8412) 
(8392) (8383) 


The school board in each district shall levy special 
taxes, not to exceed 20 mills, for the purpose of maintain- 
ing the district schools. A portion of this levy, not ex- 


. ceeding one-tenth of a mill, may be used for the purchase 


of library books. (8286) 

City or town taxes are levied by city or town officials 
on real and personal property in accordance with laws of 
the state. No tax may exceed the previous year’s levy 
by more than 5 percent. (See section on limitations of 
taxing bodies.) (9149, 7214, Art. 10, Sec. 7, State Const.) 


It is the duty of the assessor to figure the amount of 
tax on the property as assessed after the levies are cer- 
tified by the several boards. The asssessor’s office has 
nothing to do with making the levies, and his responsibil- 
ity ends with the assessment of property. The county 
treasurer acts only as a collector of taxes. 
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The legislature of Colorado has provided certain 
ximum rates of taxation for certain purposes which 
y not be exceeded by the local governments (county, 
1001 districts, cities or towns), except for the payment 
bonds and interest thereon, judgments or assessments ; 


Limitation to 
increased levies 
of taxing 
bodies 


1 has stipulated, in addition, that no tax levy in any . 


ir may exceed the previous year’s levy by more than 
yercent. (7214, Article XI, State Const.) 

But if any board of levy or any officer charged with 
*h duty is of the opinion that the amount of tax, thus 
ited by law, is insufficient for the needs of the taxing 
trict for the current year, the question may be submit- 
| to the State Tax Commission. (Compiled Laws of 
M, Sec. 7216) 

If upon examination the State Tax Commission finds 
it an increase over the limits prescribed by law is jus- 
ed, it may recommend such levy, and the taxing dis- 
ct is thereby authorized to increase the levy by a max- 
um additional 5 mills. 

If the State Tax Commission refuses or fails to rec- 
mend an increase or if the additional 5-mill levy per- 
tted proves insufficient, the question may then be sub- 
tted to the voters. If approved by three-fourths of 
yse voting, the levy becomes legal and the officers of 
> local government may make the extension on the tax 
ls. 


Assessment of Real and Personal Property 


Who Can Be Taxed?—Every taxable inhabitant and 
poration shall make and deliver to the assessor be- 
2en April 1 and May 20 in each year a sworn statement 
all taxable property of which he was the owner on 
ril 1 of the current year. (7225) (Art. 10, State 
ost.) 

A demand from the assessor for the return of taxa- 

property is unnecessary. Any person not owning 

yperty must return the blank with a statement to that 
act. In other words, it is up to the individual taxpay- 
to see to it that his property is assessed if he wishes 
avoid the penalties. (7371) 

Every person shall also at the same time make a sep- 
te sworn statement of all taxable property held, pos- 
sed or controlled by him (as an executor, administra- 
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tor, guardian, trustee, receiver, partner, agent, offic 
or representative) for the use of another. (7234, 7408 

Any person who wilfully fails, neglects or refuses ° 
return a schedule, or who returns a schedule known ~ 
be incorrect or defective, is liable to a fine of not mol 
than $1,000. (7251) 

The assessor, however, is not bound to rely entire 
upon the sworn statement of the taxpayer but shall d 
termine for himself the value of each item. 


What Things Are Taxed or Can Be Taxed?—Taxab 
property includes real property, personal property, right 
credits and all tangible property. Where any property - 
mortgaged, or pledged for security of a loan or debt, tt 
borrower is assessed on the full value of the propert 
and the lender is exempt. Any such secured notes, mor 
gages, deeds of trust contract or conveyance shall not k 
assessed. (7195) 

Real estate includes all land or interests in lanc 
within the state to which title or right to title has bee 
acquired; all equities in state and school lands purchase 
under contract, all mines, minerals, quarries, all right 
and privileges belonging thereto, and such improvement 
as buildings, water rights, structures, fixtures and fence 
(LIGS C198) 

Personal property includes everything which is suk 
ject to ownership, whether tangible or intangible, an 
which is not included in real estate; for example, furn 
ture, livestock, automobiles, radios, agricultural impl 
ments, money and notes. 

Credits include claims and demands for money, 1: 
bor or other valuable thing, and annuities. Pensions fro 
the United States, and salaries expected for services 1 
be rendered are not included. 


Intangible property includes rights, credits, fra 
chises, special privileges and special advantages havir 
a value; for example, mineral rights, corporation az 
bank stock, mortgages, bonds, bank deposits and open a 
counts. 

In What Ways and to What Extent Can Men | 
Things Be Taxed?—If livestock grazes in two counti 
the taxes shall be divided between the counties accordir 
to the portion of the year they are grazed in the countie 
(7461) 
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All livestock imported into the state and fattened on 
sricultural products grown wholly or partially within 
1e state shall be valued for taxation at such proportion 
* their full cash value as the time they are within the 
ate bears to the full year and shall be assessed whether 
ley are in the state upon the first day of April or not. 
1462) 


When Is Personal Property Listed and Assessed ?— 

All taxable property must be listed and valued each 
sar. Personal property is listed and assessed April 1. 
1178, 7249) 

Classes of Property Exempt From Taxation.—Per- 
nal property of every person being the head of the fam- 
y, to the value of $200, is exempt. (7198) 


Canals, ditches and flumes owned and used by indi- 
duals or corporations for irrigating land owned by such 
dividuals or corporations cannot be separately taxed 
‘om the land on which the water is used. (7198, 7199) 


Land incapable of being irrigated and cultivated in- 
uded within an irrigation district is not subject to tax- 
ion for irrigation district purposes. (Amend. to Sec. 
995 and 2082, Chap. 119 and 120 Ses. Laws of Colorado, 
27) 

Property of drainage and irrigation districts is ex- 
npt from taxation. (1972, 2069, 2134) 


The increase in value of private lands caused by the 
anting of timber, other than fruit trees and hedges, 
all not, for a period of 30 years from the date of plant- 
g, be taken into account in assessing such lands for tax- 
ion. (7201) 

The increase in value must be taken into considera- 
on in assessing the property, in the event that any such 
mber becomes mature or suitable for economic use prior 
the expiration of the 30 years. (7202) 

Fair associations are exempted when and while their 
‘operty is actually and exclusively used for fairs not op- 
ated for pecuniary profit. (7203) 

The property, real and personal, bonds or other se- 
rities of the United States, the state, counties, cities, 
wns and other municipal corporations and public libra- 
as, are exempt from taxation. (Art. 10, Sec. 4, State 
ynst. ) 
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Fraternal benefit societies organized as charitable o 
benevolent institutions, property used for religious pul 
poses, or schools not conducted for profit, are exemy 
from taxation. (7198, 2630) (Art. 10, Sec. 5, State Const. 

Shares of stock, except bank stock, and debts secut 
ed by property in the state are exempt from taxatio1 
(7195, 7383) 

In listing the amount of notes and credits held b 
him, each person is entitled to deduct from his notes 
credits all his debts from the value of the amounts, bu 
not including any liability to any insurance company fc 
premiums on policies, or subscriptions to societies, or fc 
the purchase of any bonds, treasury notes or other secu! 
ities of the United States not taxable, or other exemry 
property. (7236) 

A statement of indebtedness for which deduction i 
claimed, must be given. Such statement is to be kept cor 
fidential by assessor. (7237, 7240) 

If any person believes that his property has not bee 
assessed according to the provisions of the law he ma 
appear before the assessor and make known the facts i 
the case, and if assessment is erroneous under the lav 
the assessor shall correct the same. The assessor mus 
give owner notice before the first Tuesday in August ths 
he will hear any and all objections to the assessment rol 
(i291 7447) 

County commissioners constitute a board of equal 
zation to equalize assessments among taxpayers. Hea 
ings are held the first and third Tuesday in Septembe 
(7458) 

When the amount of total assessed valuation in di, 
pute is less than $7500, the taxpayer may appeal from th 
assessor’s decision in writing to the board of county con 
missioners before the first Monday in January followir 
the assessment. (7298, 8702, 7447) 


In case the county commissioners refuse the petitic 
the taxpayer may appeal the decision to the district cou 
on written notice within 30 days. The taxes must be pa 
before this appeal will be allowed. Rebates made by cou: 
ty commissioners must be approved by the tax commi 
sion. (7460) (8702) 

When the valuation exceeds $7500 the taxpayer még 
appeal to the district or county court before the first Mo: 
day in January following assessment. (7292) 
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The State Tax Commission may receive complaints 
id carefully examine into all cases where it is alleged 
lat property subject to taxation has not been assessed 
‘has been fraudulently or for any reason improperly or 
ifairly assessed, or the law in any manner evaded or vi- 
ated, and may cause to be instituted such proceedings 
; will remedy improper or negligent administration of 
1e taxation laws of Colorado. A taxpayer may file a peti- 
on with the Colorado Tax Commission before August 25 
1 appeal from county commissioners. (7334, 7335, 7336, 
287, 7460, 8702) 


On account of the frequent changes of ownership of 
-operty, it is often assessed under some other name than 
iat of the person liable for taxes or listed as “owners un- 
nown.” The only way an individual can be sure that he 

properly assessed therefore, is to furnish the assessor 

ith an accurate legal description of his property—sec- 
on, township, range, lot and block numbers—and the 
ame of the addition in which it is situated. It is the du- 
r of every property owner to return his schedule to the 
ssessor each year, and to see that the property is prop- 
‘ly described. When this duty is neglected, confusion 
1d over-assessments frequently occur, and the blame 
sts entirely upon the property owner. (7256, 7257, 7178 
370) 


If any property is omitted from assessment for any 
2ar or series of years, when discovered it shall be as- 
sssed for all arrearage of taxes. (7321) 


Collection of Taxes 
The previous year’s taxes are due January 1. 


Taxes may be paid in two equal payments. To avoid 
snalties, the first half must be paid prior to March 1, 
1d the second half must be paid prior to August 1, 
Amend. Sec. 7191, Ses. Laws 1925, 1927) 


From March 1 to December 1 the first half bears in- 
rest at the rate of 10 percent per annum. 


All unpaid taxes become delinquent August 1 and 
ar interest thereafter at the rate of 10 percent per an- 
im until the property is sold. If the entire tax due for 
e year is paid by May 1 no penalty will be attached. 


id 
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A legal claim or charge on property for current taxes 
is attached April 1 on all real and personal property anc 
remains a continuous lien or claim upon the property un 
til all taxes are paid. (7180, 7375) 

The taxpayer has the right to recover or collect fror 
the county an illegal tax or tax collected by mistake 
which he has paid, altho rebates must be approved by thi 
tax commission. (7447, 7460, 7335, 1179, 7287) 

A treasurer’s record of receipt is received in al 
courts as evidence of payment and taxpayers are caution 
ed to keep them in a safe place for a period of years 
C1372; 1373) 

When there is no expressed or written agreement a: 
to which shall pay the taxes on land conveyed, the buye! 
must pay the taxes for the year in which the sale is madé 
if land is purchased before the first of July; if sold afte 
the first of July the seller must pay the taxes for the 
year. Irrigation taxes also come under this_ section 
(7399) 


Sale of Real Estate Delinquent for Taxes 


The county treasurer shall, after the first of Augus 
and before the first of September in each year, notify by 
mail at their last known address each person by whon 
taxes for the previous year are unpaid. The treasure 
shall allow 10 days for the property owner to make pay 
ment. After 20 days the treasurer shall notify owner by 
mailing notice describing land to be sold. Land cannot b 
listed or sold before September 1. (7402, 1999) 


Notices that taxes are unpaid and delinquent ar 
published in four consecutive weekly issues of the loca 
paper, or if in a daily newspaper, only four times, onc 
each week, prior:to sale, or posted near door of treasur 
er’s office. (7408, 7405, 5897) (Chap. 161, Ses. Laws o 
Colorado, 1923) 


Property is advertised for sale for delinquent taxe 
on or about November 1. The sale begins on or about De 
cember 1 and is held at the treasurer’s office. (7409 
(Amend. to 7410 and 7411, Chap. 148, Ses. Laws, 1925) 


At the end of 3 years from the date of sale of an 
land for taxes, the purchaser on presentation of a certifi 
cate of purchase and proof of compliance with the lav 
may receive a tax deed. (7422, 7425) 
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Redemption of Real Estate Sold for Delinquent Taxes 


Real property sold for taxes may be redeemed by the 
wner, or agent at any time before the expiration of 3 
sars from the date of sale, or thereafter at any time be- 
re the execution of the treasurer’s deed to the purchas- 
+, by the payment of the amount for which it was sold, 
ith interest from the date of sale. (Amend. to 7430, 
hap. 148, Ses. Laws, 1925) 

When property is sold for taxes, the amount for 
hich the same is sold draws interest from the date of 
ule at the rate of 18 percent per annum for the first 6 
ionths, and 12 percent per annum for the next 30 
ionths, and 8 percent per annum thereafter until re- 
2emed, provided, the purchaser of the property has not 
id in the same at a lower rate of interest than that pro- 
ded by law. 

The charge for advertising is 40 cents for each de- 
ription of lands, and 20 cents for each description of 
wn lots. 

The land of minors or any interest they may have in 
1y lands sold for taxes may be redeemed at any time 
fore such minors become of age and during 1 year 
ereafter. (7431) 

Action for the recovery of land sold for tax must be 
ade within 5 years after the execution and delivery of 
ie deed, except in the case of minors or insane persons. 
Amend. Sec. 7429, Chap. 148, Ses. Laws, 1925) 


Land sold when owned by two may be redeemed by 
1e paying a proportional amount. (74384) 

A party of an undivided estate or farm may redeem 
le part by paying his proportionate part. (7436) 

If a mortgagor fails or neglects to pay the taxes, or 
srmits any lands so mortgaged to be sold for taxes, the 
ortgagee may pay the taxes or redeem the land sold for 
xes, and any taxes so paid shall be a lien on the land 
itil paid. (7400) 


uaws Relating to Motor Vehicle and Gasoline Taxation 


The annual license fee on automobiles is one-half of 
percent of the original factory cost with a minimum fee 
$5.00 with a reduction of 30 percent in the fee after 
ie fifth year, and 50 percent reduction after the eighth 
ar. (Chap. 149, Ses. Laws, 1923) 
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Licenses on trucks vary from $10 to $50 for the first 
5 tons, and $25 per additional ton. (1341) 


Registrations made after May 1 and prior to Octo- 
ber 1, pay three-fourths of the full annual fee; and regis- 
trations me” ~'.ver October 1, pay one-fourth of the an- 
nual fer 1039) 


All registrations expire on December 31 and a new 
license must be obtained before January 1. Application 
for « new license can be made from November 15 to Jan- 
uary 1. 


All persons using motor vehicles on the streets or 
highways are required to pay a tax of 4 cents a gallon on 
gasoline. (House Bill 529, 1929, to repeal Chap. 140, Ses. 
Laws, 1927) 


Farmers who use gasoline for other purposes than 
the propelling of motor vehicles on public streets or high- 
ways are entitled to a refund by the state treasurer on 
application to the state inspector of oils within 60 days 
after the purchase, when supported by an affidavit and 
when accompanied by the original paid invoice or sales 
receipt. The application must be made on forms prescrib- 
ed and furnished by the state inspector of oils. 


The Inheritance Tax 


In 1927 the legislature of Colorado revised the Inher- 
itance Tax Act. This revision covers 57 pages of text. 
Because of its length no attempt is made to condense or 
abstract this law in this publication. Details of the in- 
heritance law may be found in Chapter 114 of the Ses- 
sion Laws for Colorado, 1927. 


It might be well for interested farmers to study this 
law carefully. The exemptions granted and rate of tax- 
ation under the present law are as follows: 
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Class A Class B Class C Class D 
usband, wife, Wife, widow Uncle or aunt, All 
rent, adopted of son, or nephew or others 
nild, or lineal husband of niece, or lineal 
issue daughter, descendant 
grandparent, 
brother or 
a sister = 
Widow 
$20,000 $2,000 $500 * $580 
Others 
$10,000 
% onfirst 38% onfirst 4% onfirst 7% on first 
0,000 upto $10,000up $2,500 upto $2,500 up to 
14% over tol0% over 14% onex- 16% onex- 
$150,000 $200,000 cess over cess over 
$500,000 $500,000 


FARM TAX CALENDAR 


January 
Assessor must furnish tax schedule (7225). 
Taxpayer may appeal from assessor’s decision to 
inty commissioners (7287). 


Last year’s taxes are due January 1. Last day for 
essor to deliver tax list and warrants to county treas- 


r (7317). 


February 


Fill out tax schedule. 

Taxes may be paid in two equal payments. To avoid 
ialties, the first half must be paid prior to March 1, and 
» second half must be paid prior to August 1. (Amend. 
7191, Ses. Laws, 1925 and 1927) 


March 
From March 1 to August 1 the first half bears inter- 
at the rate of 10 percent per annum for each month 
fraction thereof. (Amend. to 7191, Ses. Laws, 1925 
A) 


Exemption 


Rate 


Jan.1 


Before first 
Monday 


Jan, 1 


Feb. 28 


March 1 


15 


16 


April 1 


April 1 


April 1 


First Monday 


April 30 


May 20 


June 15 


June 15 


June 15 


July 31 


Hirst Tuesday 


First Tuesday 


Aug. 1 


Aug. 1 


Aug. 20 
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April 

Return tax schedules to assessor whether prope: 
is owned or not. (7225, 5251) 

Assessment day, real and personal property. (72 
7249) 

Lien of general taxes for current year attached 
all property. (7180) 

State Board of Equalization meets to assess puk 
utilities. (7284) 

If entire tax due for the year is paid before May 
no penalty will be attached. (Amend. to 7191, Ses. Lai 
1927) 


May 


Last day for returning tax schedules to assess 
(7225) 


June 


State Board of Equalization must certify the amou 
and value of public utility property assessed in each cot 
ty to assessors and county clerks. (7284) 

Tax commission transmits details of public util 
assessments to county clerk. (7308) 

Apportionment of public utility property amo 
school districts and municipalities by county commissi 
ers. (7309) 


July 


Final payment of taxes is due. (Amend. to 7191, S 
Laws, 1927) 


August 


Assessor must mail notice of change in valuat: 
other than that given in taxpayer’s schedule. (7291) 

Assessor must give notice of hearings to objectic 
to the assessment. (7291) 

Whole amount of tax becomes delinquent and be: 
interest at rate of 10 percent per annum until the pr 
erty is sold. (Amend. to 7191, Ses. Laws, 1927) 

Treasurer mails notice of tax delinquency. (7402) 

Treasurer mails notice describing land to be gs 
for taxes. (7402) 
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Last day in which to file petition on tax complaint 
th State Tax Commission. (7287) 


Taxpayers may appeal from assessor’s decision to 
inty commissioners until first Monday in January. 


September 
Assessor must transmit abstract of property in his 
inty to State Tax Commission. (7351, 7268, 7311) 
State Tax Commission meets to hear complaints. 
287 ) 
Meeting of county commissioners as County Board 
Equalization. (7458) 


October 

Last day for State Tax Commission to change as- 
sed valuations of counties. (7352) 

State Tax Commission must give decision on all tax 
nplaints or petitions. (7287) 

County assessor shall certify before this date total 
luation of assessable property within each city, town 
school district. (7224) 

Meeting of Board of Equalization to make state levy 
1 complete equalization of county assessments. 


State Board of Equalization meets to correct errors, 
1 adjust and equalize assessments in the several coun- 
s of the state. (7463) 


November 

Property will be advertised for sale for delinquent 
es. (Chap. 148, Ses. Laws, 1925) 

School boards, cities and towns shall make their levy 
1 certify same to county superintendent of schools. 
224) 

County commissioners levy the required tax for the 
ir. (7457) 

Application for motor vehicle license can be made. 
aap. 149, Ses. Laws, 1923) 


December 


Sale of property for delinquent tax will begin on or 
ut December 1. (Chap. 148, Ses. Laws, 1925) 


Motor vehicle license expires. 


7 


Aug. 25 


First Monday 


Second Monday 


First and third 
Tuesday 


Oct. 1 


Oct. 1 


Oct. 25 


Third Monday 


First Monday 


Nov. 1 


Nov. 1 


First Monday 


Nov. 15 


Dee, 1 


Dec, 31 
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SOME COLORADO 
TAX PROBLEMS 


With Special Reference to Their Effect 
on Agriculture 


The relation of taxation to income: On Colorado farms, 

city property, public utilities, national banks and cor- 

porations; a study of assessment problems; an analysis 

of receipts of state and local government receipts and 

expenditures; and an analysis of the principles under- 

lying the possible solution of some of the most import- 
ant tax problems in Colorado. 
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IMPROVEMENT OF SAGEBRUSH RANGE 
IN COLORADO 


Progress Report oF 1927-1929 EXPERIMENTS 


By Herpert C. Hanson 


Sagebrush in Colorado marks the eastward extension of the 
large sagebrush formation in Utah and Nevada‘. It occupies a large 
portion of Colorado. Since so much of Colorado is occupied by sage- 
brush, most of which is of low grazing value, experiments were start- 
ed in 1927 on the improvement of this type of range for grazing. The 
object of this report is to make available information that has been 
gathered during the past three seasons. 


Sagebrush is best developed in the western tier of counties and 
in mountain parks, particularly in North Park and the Laramie River 
Valley in Northern Colorado. A vigorous stand is also found in the 
southeastern part of the San Luis Valley. Occasional patches oceur 
as far east as the vicinity of Estes Park and Virginia Dale. 


A number of other shrubs may be associated with sagebrush. 
The most common ones are species of rabbitbrush and saltbush. Oak 
brush, pinyon, aspens or lodgepole pines frequently alternate with 
the sage. The annual mean precipitation ranges from about 10 to 18 
inches. 


In shallow soil the sagebrush is scattered and low, often a foot 
or less, but in deep soil it may reach a height of 6 feet and form dense 
stands. As a rule when sagebrush is dense and is 3 or more feet 
tall it indicates a deep soil that contains no or very little alkali. (Fig. 
1). Areas covered with such a stand are usually considered excellent 
for growing crops of potatoes, alfalfa and small grain. 


GRAZING VALUE OF THE SAGEBRUSH TYPE 
White sagebrush (Artemisia cana) is considered a good browse 
plant during fall and winter for sheep and cattle. It is not so abun- 
dant, however, as black sagebrush (Artemisia tridentata) which is 
much less palatable to both sheep and cattle. It furnishes consider- 


(1) Robbins, W. W. 1917. Native vegetation and climate of Colorado in their 
relation to agriculture. Colo. Agric, Exp. Sta. Bul. 224. 


a Bulletin 356 
4 CoLORADO EXPERIMENT STATION u 


Fig. 1—Sagebrush in the Laramie River Valley before burning. This area 
was selected for the experimental work. October 4, 1927. 


able feed for sheep during the winter when other plants are covered 
with snow. 


On areas covered with short sagebrush there may be many shal- 
low-rooted grasses such as grama grass, June grass, sedges, fescue, 
muhlenbergia, arid bluegrass, wheat grass and a variety of weeds as 
einquefoil and cat’s paws. The growth of these plants is usually too 
short, however, to furnish much feed. Such range can best be utilized 
by sheep. When the sagebrush is removed by scraping or grubbing, 
the growth of grasses becomes denser and taller. 


On areas covered with dense sage, 3 or more feet tall, a large 
variety of deep-rooted grasses is found. Due to the competition of 
the sagebrush these grasses are usually very sparse. They form only 
small clumps or only single stalks (Fig. 7). 


Most of them are ex- 
cellent forage plants. 


Common species are wheat grasses, blue grasses, 
porcupine grasses, sedges and feseues. Usually, however, they are 
too scattered or are too inaccessible in the brush to be grazed much. 


EXPERIMENTAL METHODS 


The experimental work is being conducted at an elevation of 
about 8000 feet in the Laramie River Valley in Northern Colorado. 
The sagebrush area that was selected is on a gentle east slope. The 
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soil is a deep sandy loam. Roots of the black sage there have been 
found down to a depth of 10 feet. 

The vegetation was almost a pure stand of black sage averaging 
about 3 feet tall (Fig. 1). Grasses, lupines, other weeds and rabbit- 
brush were scattered thinly between and under the sagebrush plants. 
Previous experiments in this locality to increase the stand of grass 
by broadeasting seeds of slender and crested wheat grasses were total 
failures. Not-a seedling was found. 


An area 150 feet long by 100 feet wide was selected. On half 


Fig. 2—Burning and grubbing almost completed. The strip in the foreground 
was grubbed, that in the background burned. October 5, 1927. 


of it the sagebrush was grubbed out, on the other half the sagebrush 
was burned. The burning was done on October 5, 1927, with a 
moderately strong west wind (Fig. 2). The plot was then divided 
into three strips, each 50 by 100 feet. Half of each of these strips had 
been grubbed, the other half burned. One of these strips was seeded in 
the fall of 1927 (October 5), another strip seeded in the spring (May 
20, 1928) and the third strip was not seeded. The spring seed mix- 
ture consisted of smooth brome grass, slender wheat grass, crested 
wheat grass, orchard grass and yellow sweet clover. Only brome 
grass was seeded in the fall. The seed was broadcast and then raked 
in to imitate harrowing. 


After the spring seeding was completed on May 20, 1928, a 


Bulletin 356 


6 CoLtorapo EXPERIMENT STATION 


Fig. 3—Rodent exclosure, ™) by 100 feet, erected after the spring seeding was 
finished. May 21, 1928. 


Fig. 4. The experimental area as it appeared on July 26, 1929. Figures Bay ES 
and 4 were taken from the same corner of the area. 


co | 
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rodent exclosure 100 feet long and 50 feet. wide was built (Fig. 3). 
Three-foot chicken wire netting, one-inch mesh, was used. <A shallow 
trench was dug so that the lower part of the fence could be turned 
outward and then covered with a few inches of soil. Poisoned grain 
was scattered inside to kill rodents within the fence. A barbed-wire 
fence to exclude cattle and horses was placed around the entire plot a 
few days later (Fig. 4). 


To summarize, the experimental area furnished the following 
conditions :— 


I. PrRotTectTED F'RoM GRAZING BY LIVESTOCK 


Burned sagebrush, seeded October 5, 1927, exposed to rodents. 

Burned sagebrush, seeded October 5, 1927, protected from ro- 
dents. 

Burned sagebrush, seeded May 20, 1928, exposed to rodents. 

Burned sagebrush, seeded May 20, 1928, protected from rodents. 

Burned sagebrush, not seeded, exposed to rédents. 

Burned sagebrush, not seeded, protected from rodents. 

Grubbed sagebrush, seeded October 5, 1927, exposed to rodents 

Grubbed sagebrush, seeded October 5, 1927, protected from ro- 

dents. 

9. Grubbed sagebrush, seeded May 20, 1928, exposed to rodents. 
10. Grubbed sagebrush, seeded May 20, 1928, protected from rodents. 
11. Grubbed sagebrush, not seeded, exposed to rodents. 

12. Grubbed sagebrush, not seeded, protected from rodents. 


el 


COD OV oo 


Il. Nor Protrectep From GRAZING BY LIVESTOCK. 


13. Burned sagebrush, not seeded, exposed to rodents. 


In order to determine in detail the changes in the vegetation, 16 
meter-square quadrats were established. On all of these the abun- 
dance of each species was determined and photographs taken each 
year. On some the vegetation was clipped at 1 inch in order to de- 
termine the amount of dry matter produced. 


The quadrats were located as carefully as possible in order to get 
typical areas. Some of the quadrats were located before the sage- 
brush was burned. It was difficult to find large enough areas be- 
tween the clumps of sagebrush for a square-meter quadrat. 


The quadrat areas had more plants on them than those in the 
clumps so the error would be in representing too much vegetation 
for unburned sagebrush rather than too little. It should be empha- 
sized, however, that extreme care was used in locating each quadrat. 
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Fig. 5.—Natural revegetation and the effect of rodents the first season following 
destruction of the sage. Area on left of feuce protected from rodents for one season, 
area on right not protected from rodents. August 17, 1928. 


Fig. 6. The same view as shown in Figure 5 but about a year later. Grasses, 
especially western porcupine grass, are more abundant and lupine is less vigorous 
and less abundant. July 26, 1929. 
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RESULTS OF THE EXPERIMENT 


1. There was a good stand of highly palatable and nutritious 
grasses and lupine in the summer following the burning and grub- 
bing (Fig. 5). The chief grasses were western wheat grass, western 
porcupine grass, blue grasses,-trisetum and Letterman’s needle grass. 

2. Seedlings and left-over stalks of sagebrush were very few 
on both the grubbed and burned strips. No left-over stalks were 
found on the burned strip and seedlings appeared to be fewer than 
on the grubbed strip. 


3. The stand of grasses was much better within the rodent ex- 
closure than elsewhere (Fig. 5) and it was better on the part protect- 
ed from grazing by cattle and horses than on the part grazed. 

4. Reseeding did not materially increase the stand. Plants of 
the tame grasses appeared only in much-disturbed soil as along the 
chicken-wire fence where the soil had been turned up, and around 
rodent holes where there was some loose, bare soil. 


5. The stand of grasses increased materially under all condi- 
tions during the second season (1929). Lupines decreased in vigor 
and in number. They bloomed profusely in 1928 but in 1929 there 
were few flowers (Figs. 5 and 6). The sagebrush plants grew only a 
little and a few new ones appeared. 


6. The seeded tame plants grew slowly but the stand of these 
did not increase during the second season. The most successful were 


Fig. 7.—Meter-square quadrat number 8A before the sagebrush was burned. 
This plot is typical of rather large openings between the sage clumps. July 23, 1927. 
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brome grass, slender and crested wheat grasses. These three produced 
some seed in 1929. Yellow sweet clover grew only 1 to 2 inches tall. 

7. The yields secured from the clipped quadrats, one-meter 
square, established and clipped first before the area was burned, are 
civen in table form. All of these were protected from grazing by 
eattle and horses. 


Oven-dry Weights of Plants Clipped at 1 Inch 


1927, After eradication 
before 
1928 1929 
LOCATION eradica- a 

tion, Grams Percent Grams Percent 

grams increase increasel 
1A, burned, grass 37.0 46.4 
fall seeded, weeds 21.0 14.4 
exposed to rodents total 18.0 58.0 222 60.8 238 
2A, burned, grass 43.5 86.2 
not seeded, weeds 9.0 3.6 
protected from rodents total 20.6 52.5 155 89.8 836 
3A, burned, grass 27.9 79.0 
spring seeded, weeds 0.3 2.0 
exposed to rodents total 20.1 28.2 40 81.0 303 
4A, grubbed, grass hire 96.3 
spring seeded, weeds beg 


exposed to rodents total 16.9 109.0 545 


(1 Percentage increase over 1927 yield) 


Fig. 8.—The same plot as shown in Figure 7 but in the first season following 
burning. Note the burned-off sage stumps at the left, the remains of the sage 
clump shown at the left in Figure 7. August 17, 1928. 
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Figure 9.—Quadrat 3A in the second season following burning. This is the same 
plot as shown in Figures 7 and 8. The sage stumps are still in evidence at the left. 
All of this grass is highly palatable and nutritious. July 25, 1929. 


The increase in the yield of vegetation the first year after burn- 
ing varied from 40 to 222 percent over the yield in the native sage- 
brush the year before. The increase in the yield in the second year 
over the yield in the native sagebrush 2 years before varied from 238 
to 336 percent. It is probably worth stating again that these quadrats 
were located before the area was burned. The yield of grass was 
much greater than the yield of weeds and the grasses increased greatly 
the second year while the weeds decreased. The variations in the 
weights of material from the different quadrats are probably due 
more to local variations in intensity of burning, soil conditions, ete., 
than to conditions of the experiment. 


SUMMARY 


1. Experiments are being conducted on the improvement of 
sagebrush range in the Laramie River Valley in Northern Colorado. 


2. The stand of highly palatable and nutritious grasses was 
greatly increased the first year following removal of the sagebrush 
by burning and grubbing. The stand increased even more the second 
year. Increases in the weights of the forage from clipped plots the 


second year after burning were 238 to 336 percent above the weights 
before burning. 
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3. Burning was more successful than grubbing “in destroying 
the sagebrush. 

4. Dense stands of sagebrush 3 or more feet tall can be readily 
burned with a suitable wind. The burning in this experiment was 
done in October. 

5. Artificial reseeding was not necessary. Natural revegetation 
by the grasses on the ground was very satisfactory. 

6. The experiments show that rodents greatly decreased the 
amount of forage. 

7. Burned areas should be only hghtly grazed before the seeds 
have matured the first two seasons after burning so as to give the 
grasses opportunity to grow. Cattle, horses and rabbits concentrate 
their grazing on burned areas. 

8. It appears that the grasses can hold the sagebrush in check 
for a considerable time. Observations made on areas that were 
burned 5 to 10 years ago indicate that the stand of grasses is still very 
good, even when heavily grazed by livestock and rodents. 
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THE HOME VEGETABLE GARDEN 


By A. M. BINKLEY 


The problem in every home is to provide sufficient quantities 
of healthful, palatable and wholesome food for family use. The 
food value of vegetables in a diversified diet is now quite generally 
recognized as of fundamental importance to health. This recogni- 
tion is measured by the increase in consumption of vegetables dur- 
ing the past few years and a still further increase is noted in the 
number of inquiries received by the Department of Horticulture for 
information on vegetable gardening. In view of these facts this 
publication is deemed advisable to furnish the inexperienced gard- 
ener with such information as will be of material benefit to him in 
the growing of vegetables for family use. 

The soils and climate of Colorado are especially favorable to 
the production of high-quality vegetables. The growing of vege- 
tables has developed in the state the past few years to quite an ex- 
tensive commercial scale in the high-altitude sections, which is fur- 
ther evidence that the state is favorably adapted to the growing of 
vegetables of high quality and high yields per acre. The length of the 
growing season in the state varies considerably according to alti- 
tude and latitude, and the annual amount and distribution of rain- 
fall varies, however there is not one section of the state which can- 
not grow a supply of some of the more common fresh vegetables for 
family use. 

Every family should have a vegetable garden for the following 
reasons: (1) It will reduce the family food bill. (2) It provides an 
abundant supply of fresh, high-quality vegetables in season. (3) It 
will supply the family with vegetables for canning, drying and for 
winter storage. (4) It will permit a substitution of vegetables in 
some cases for the more expensive foods. (5) It provides a more 
healthful diet. (6) It will permit the opportunity to grow prize 
vegetables for the community fairs. 

The most important reason for maintaining a vegetable garden 
is that of economy, a point that cannot be over-emphasized, and 
should be measured in net returns in yields above costs of labor and 
materials. The city gardener often finds the vegetable garden a 
place for pleasant exercise in the form of outdoor recreation. On 
the other hand, the garden on the farm is considered necessary and 
should be arranged so that it can be taken care of for the most part 
by horse-drawn implements. 


Location of the Garden 


In selecting the site for the garden, care should be taken in the 
matter of location, and the following points considered: 

(1) It should be near the house for convenience and because 
it is oftentimes a spare-hour proposition. 
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A mountain vegetable garden grown at an elevation of 7000 feet above sea level. 


(2) A south slope is desirable as the soil usually warms up 
earlier in the spring and permits earlier planting. 


(3) It should have good drainage, both for water and air. 


(4) Vegetables require plenty of sunshine and the vicinity of 
large shade trees should be avoided. 


The city lot gardener usually has little choice in the matter of 
location, and must use whatever space is available, while the farm 
ovardener has more selection. 


A good fence around the garden is an important item to protect 
the crops from lvestoeck and more especially poultry. 


Garden Soils and Preparation for Planting 


With the proper understanding of soils, almost any soil can be 
fitted into a good garden type by supplying organic matter and plant 
food in the proper amounts. It is often impossible to select the soil 
type, but this should not prevent one from having a good garden. 
A sandy-loam type with plenty of plant food is desirable. This type 
warms up earler in the spring and permits the planting and grow- 
ing of earlier crops. It drains readily, can be worked shortly after 
a rain, and does not bake or crust. 


Plowing or spading the garden plot in the fall is preferable as 
it will permit earlier spring preparation and planting. Manure 
turned under in the fall will decompose more rapidly and be more 
available for early crops than if turned under in the spring. It is 


February, 1930 HomE VEGETABLE GARDEN 5 


better to leave the soil rough, as plowed or spaded, to hold the winter 
snows and permit the storage of soil moisture. The alternate thaw- 
ing and freezing winter weather produces an action which breaks 
up the clods and mellows the surface soil. Inseets are exposed to 
the weather and are usually destroyed. The soil should be broken 
to a depth of 10 to 12 inches, which will be sufficient for the de- 
velopment of root crops. Spring plowing can be done, provided con- 
ditions are such that fall preparation could not be taken care of. 
Soil worked in the spring oftentimes leaves openings that dry out 
rapidly. 

After plowing or spading the garden, the soil should be pul- 
verized thoroly and worked down to a smooth, fine, firm condition. 
In ease of the small garden this ean be accomplished by raking, while 
on the larger farm gardens, the soil should be disced in the spring, 
when fall plowed, and then harrowed alternately and leveled with 
a drag for the smoothing touches. If seeds are planted in coarse, 
lumpy soil they will be covered at different depths, and the result 
will be a poor stand and a poor yield. A eareful final preparation 
of the seedbed is essentially important and cannot be over-empha- 


sized. 
Fertilizers 


There is a wide variation in soil types, usually determined by 
the stage of decomposition and the relationship to the parent ma- 
terial. It is generally known that Colorado soils are lacking in 
humus or organic matter and rich in mineral matter, so the need 
for manure is readily understood. Well-decomposed manure applied 
in the fall of the year, disced in and plowed under, gives much better 
results than spring manuring. Stable manure is undoubtedly the 
most desirable for the garden, as it supplies the much-needed humus, 
as well as additional plant food. An application of 20 tons of such 
manure per acre will produce satisfactory results on most soil types. 
Manuring will loosen up the soil, enable the soil to take in more 
water to be stored in the subsoil, render it more drouth resistant 
during the hotter part of the summer, and will, as a rule, make it 
work easier. Cow manure is heavier than horse manure and ean be 
used on the lighter soil types. Poultry manure is one of the richest 
and most concentrated of farm manures and should be used spar- 
ingly as a heavy application is hkely to burn the more tender crops. 


Green-manure crops such as sweet clover or rye, if plowed un- 
der in the fall, promote quicker rotting. Not only does the soil be- 
come richer and produce better vields, but there is a noticeable dif- 
ference in the easier handling of most soils. The legumes such as 
the clovers, cowpeas, and soybeans add considerable nitrogen to the 
soil. Green-manure crops readily fit into the garden plan, and as 
soon as the early crops, such as radishes, are harvested, the area can 
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be planted to a rapid-growing green-manure crop and turned under 
in the fall. Space in the garden that becomes idle in July can be 
profitably planted to green-manure crops and turned under in the 
fall. Rye can be planted from the middle of August to the first of 
September and where area is not needed for early spring vegetables, 
ean be turned under in the spring. 


Commercial fertilizer can be used to advantage where manure 
is not available. However, in no case should commercial fertilizers 
be used continuously without adding humus to the soil in the form 
of green manure or barnyard manure. From results of a prelim- 
inary nature it has been found that a complete fertilizer (one con- 
taining all of the three important plant food elements), such as a 
3-12-4 combination, will produce good increases in yields on the 
lighter soil types. The growth response is also good when a straight 
phosphoric acid fertilizer is appled on the heavy-type soils. The 
commercial fertilizer should be applied at the rate of 200 to 400 
pounds per acre. It will burn the germinating sprout if the seed 
is planted directly with it; this is especially true of the more tender 
crops. It may be applied by broadeasting over the seedbed before 
planting and harrowing or raking it in, or it may be sown in a shal- 
low furrow from 2 to 4 inches from the plants and the furrow cov- 
ered. 

Planning the Garden 


The plans for the family garden should be made on paper early 
in the year to show the arrangement of crops. The rows should be 
laid out to give long rows for planting, then the number of rows, 
location of the crops, planting distances, and vegetables to be grown 
should be put down on the plan. The vegetables should be arranged 
according to the number of days required for maturing. The early 
maturing groups such as lettuce, and radishes should be planted to- 
gether and such space can be used for a second planting. The late- 
maturing crops, such as cabbage and cauliflower, also are planted in 
the same area, which will permit the growing of companion crops 
in between the rows, such as green onions or radishes. 


Perennials, such as asparagus, rhubarb, small fruits and herbs, 
should be planted on an outer side of the garden where they will not 
be disturbed by cultural operations required by the other crops. In 
doing this, if the garden is plowed with a team of horses, such crops 
will not be run over or injured. 
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The growing of companion crops, for example the growing of 
early bush beans between rows of tomatoes, is an economical prac- 
tice. Squashes and pumpkins can be grown along with sweet corn, 
and early maturing cabbage may be set in between wide rows of corn 
or tomatoes. The gardener, after some experience, can determine 
what crops to grow as companion crops and can then get the most 
out of a limited space. Where gardens are cared for by horse-drawn 
implements, companion crops of course are not practical. However, 
to obtain the best results from a small garden, the soil should be 
kept producing as long as the season permits. Lettuce and radish 
crops may be grown one crop following another. The root crops, 
when planted early, often become hard and woody and lose quality 
by the time they are ready for winter storage. For winter storage 
of root crops it is better to make a second planting about the first 
week in July. This practice will produce roots that carry quality 
for winter storage. 


Garden Seed 


In buying seed, demand high quality and be ready to pay for 
the extra value, because in the long run such seed will be found to 
be the cheapest. The yield and quality secured at harvest time will 
more than pay the extra cost. After the amount and kind of seed 
is definitely determined for the garden according to the plan, it can 
then be ordered early, much in advance of the planting season. By 
using a definite plan to order from, the exact amount of seed can be 
secured, and the waste from surplus thus reduced to a minimum. 
Relable local dealers who observe the performances of seed sold to 
gardeners, can supply seed that will meet the growers’ requirements. 
Where the garden is so situated that purchases cannot be made di- 
rect from seed dealers, such seed can be ordered from a reliable seed 
company, thru mail order. In ordering from the seed catalogs, it is 
generally better to select the standard varieties rather than the high- 
ly featured new varieties. 


In case old seed is left over it is especially important that a 
germination test be made. This can be accomplished by counting 
out 50 to 100 seeds and placing them between moist blotting paper 
in a shallow dish and covering them with another dish. After 4 or 5 
days at ordinary room temperature the viable seeds will sprout if 
the paper is kept moist and the percentage germination can thus be 
determined. A sample of seed can also be sent to the Colorado Seed 
Laboratory at Fort Collins, where a purity count and germination 
test will be run free of charge. 


In growing seed for your own use it is desirable to select plants 
for seed production that are especially vigorous and high yielders. 
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This ean be accomplished with very little additional work with the 
common annuals, especially where the fruit is the edible part. Any 
of the root crops or biennials which must be stored thru the winter 
and set out the second year for seed production do not prove to be 
economical crops to secure seed from for the home garden. Seeds 
should be stored in a cool, dry room, preferably in sealed jars, so 
that their germination will not be readily lost. High air humidity 
is especially destructive to the germination of seeds. In many in- 
stances new growers have difficulty in estimating the amount of seed 
required to plant the garden, and accordingly the accompanying 
table has been prepared. The amount of seed required, depth of 
planting, time of planting and distance to plant are tabulated for 
information to beginners. 


Planting Table 


There is considerable range in the climatic conditions of the 
state and the length of growing season varies, so that in considera- 
tion of these factors, only the approximate dates for planting are 
given in the above table. Where it is necessary to plant seeds in a 
hotbed in order to grow plants, it is noted in the time-of-planting 
column. 
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Setting Plants in the Field 


Hotbed plants are often transplanted once before they are set 
out in the field, and it is a distinct advantage to do so as it gives 
plants a chance to develop better root systems. It produces better 
plants, secures earlier crops and provides more space. In many 
cases, gardeners feel that transplanting from the hotbed to the field 
is all that they can afford, and select only the strong vigorous plants 
in the seedbed for setting out in the field. It is difficult to transplant 
sweet corn, cucumbers, melons and beans. These crops may be trans- 
planted by sowing the seed in paper pots or small baskets and after 
the plants are 4 weeks old they may be set out without disturbing 
the root system. Cabbage, cauliflower, broccoli, head lettuce, onions, 
tomatoes, celery, peppers and eggplant are easy to transplant. How- 
ever, the following precautions should be observed, to reduce losses : 


1. The soil should be well watered before disturbing the plants in 

the seedbed. 

Do not allow the plants to become dry after removal from the 

bed until they are set out. 

3. Do not pull plants from the seedbed without loosening the soil. 
Leave as many roots as possible on the plants. 

4. Water the soil before and after setting the plant. 

Press the soil firmly about the roots after setting. 


Shading the plants a few days after transplanting can be done 
on a small scale. 


Hotbeds and Coldframes 


Detailed information concerning the making and handling of 
hotbeds and coldframes may be secured in Bulletin 328, Horticul- 
tural Department, Colorado Experiment Station, Fort Collins, Colo- 
rado. This publication will be sent to all those who request it, free 
of charge. It is important that the gardens have some sort of struc- 
ture to start plants in and to grow them for transplanting. They 
ean also be used for growing early crops of cucumbers, radishes or 
lettuce. Any information desired on handling plants in the hotbeds, 
transplanting to the field, hotbed diseases and management in gen- 
eral, can be found in this publication. 


bo 


DOr 


Sowing the Seed 


It is very necessary in planting garden seeds that the soil be in 
a very finely pulverized condition that can be readily worked. In 
order to secure the best stand the soil must have the proper moisture 
and the soil particles must be compact, free from clods, and not too 
dry to insure a good germination. In many instances it is a good 
plan in dry springs to irrigate the garden ground before planting. 
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As far as the small garden is concerned it is often of advantage to 
sow the seed by hand rather than with a seed drill. Smaller seeds 
should be planted considerably thicker than the large seed to insure 
a good stand. The depth of planting varies also with the nature of 
the soil, the kind of seed used, and whether or not the season is dry 
or wet. The planting table will be of value in determining the prop- 
er depth to plant the seeds. In making rows in the garden it is often 
advisable to stretch a string along the row so that the rows can be 
made straight and the seed sown without moving the line. This can 
be accomplished by the use of an ordinary garden hoe. In a good 
many instances where the spring is especially dry it would be an 
advantage to irrigate the crops after planting. This can be accom- 
plished by making a furrow along side of the row and the water run 
down it. It is also a good practice to slightly tamp the soil above 
the seed so that there is much better capillary action in the soil 
moisture and a quicker germination brought about. 


Paper mulch experiment. 


Mulching 


During the past few years there has been considerable publicity 
given to the use of paper mulch as a means of increasing yields. 
According to the work the department is doing with paper mulch, 
it has been found that it hastens germination, and practically elim- 
inates cultivation and weeding. The heavy-type paper prevents the 
growth of weeds thru it and prevents the evaporation of moisture 
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from the surface of the soil. One should investigate the type of 
paper which he wishes to use before buying. There are several un- 
desirable papers on the market which are not satisfactory for use. 
Investigations with paper on the Experiment Station plots have 
shown that the lighter-type papers will shrink after laying, so that 
they will break apart and leave wide spaces uncovered. 


The cost of the paper used in the paper-mulch experiments 
varies widely with the type used. However, a fairly good type of 
paper can be purchased at around $2.50 for 5400 square feet. So 
far the use of paper mulch under Colorado conditions is still in the 
experimental stage and there are many problems connected with its 
use which must be worked out before it can be recommended for 
general use. 

One of the factors which gives considerable trouble is the laying 
of the paper over irrigation furrows. During the growing season the 
rainfall is often not sufficient to properly mature the crop, even 
under paper mulch, without the use of supplementary irrigation 
water. It would be advisable for growers who wish to use such 
paper to try it out on a small seale in their home gardens before 
using it on any large scale. As a general thing it has been found 
that warm-season crops such as sweet corn, cucumbers and tomatoes, 
have given considerably increased yields under paper mulch, and 
the cool-season crops, such as head lettuce and potatoes have not 
shown very large increase in yields over the unmulched plots. For 
the small home garden, paper mulch can be used to an advantage 
where only a very small amount of time is available for work in the 
garden. It will tend to keep weeds down while one is away for a 
week or two and it will save the necessity of weeding and cultivat- 
ing. As a rule one weeding is all that is required during the grow- 
ing season. This can be accomplished at the same time the row 
vegetables are thinned. 

Thinning 

In planting vegetables having small seed, generally the seed is 
too thick and the plants will grow in a very crowded condition. 
This is especially true of the root crops and thinning should be start- 
ed just as soon as the third or fourth pair of true leaves have de- 
veloped. Thinning at this stage will prevent the growth of weak 
spindly plants. In thinning, the plants should be left at the proper 
spacing, usually 2 to 6 inches apart in the row and the largest plant 
in each bunch left in the soil. By leaving the large and most vigor- 
ous plant in each bunch, a larger and earlier yield may be secured. 


Irrigation 


In Colorado there must be a good supply of water available to 
profitably grow vegetable crops, as there are but few localities in 
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the state that can grow such crops without supplementing rainfall 
with irrigation during the growing season. This is largely due to 
the irregular distribution of rainfall, most of which falls during the 
winter and is unevenly spread over the summer months. There is, 
however, a wide range in the amounts of distribution of rainfall over 
different sections of the state, and no definite rule can be followed in 
the application of irrigation water. The soil type, character of the 
sub-soil, slope of land, the crop being grown, all determine the 
amount and frequency of irrigation. Irrigation should be heavy and 
often enough to keep the plants growing uninterruptedly during the 
growing season. Plants should not be allowed to become wilted or 
checked. 


In this state there are three methods of applying irrigation 
water: Surface, sub-surface and semi-sub-irrigation. Surface irri- 
gation is by far the most satisfactory method to use, especially where 
the furrow method of applying the water is used. This method is 
accomplished by running water in furrows along by the side of and 
close to the plants. The water should be applied when needed and 
the soil thoroly soaked, rather than frequent light irrigations. Ex- 
cessive irrigation, however, is detrimental and should be avoided. 
The soil should be cultivated as soon as it is sufficiently dry after 
each irrigation. Irrigation may be done at any time during the day; 
however, early morning irrigation is preferred by many. 


In using the lawn sprinkler, better results may be secured on 
most soil types by watering thoroly once a week rather than by 
sprinkling lightly every day. The general tendency in sprinkling 
is to apply too little water, and more economical use of water can 
be secured by running the water in furrows along the rows. Flood- 
ing the surface of the soil is not recommended in applying irriga- 
tion water. 


In certain parts of the state natural sub-irrigation methods are 
in use in the production of vegetable crops, especially in the San 
Luis Valley. The water table is close to the surface of the soil and 
by running water in a large ditch surrounding or thru the field 
the water table is raised so that it comes in contact with the roots 
of the crop. The ditch is usually filled with water and allowed to 
stand until sufficiently irrigated. Semi-sub-irrigation is also used to 
a limited extent and in this case the water table is raised as far as 
possible by sub-irrigation and the irrigation completed by furrow 
surface watering. The above methods are used generally on the 
lighter-type soils and there is little cost in applying water. 


In the dryland sections of the state it is often possible to pro- 
duce good gardens without the use of irrigation water. By shaping 
the farming methods to store the soil moisture, such as summer fal- 
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lowing, the furrow method of planting and listing, such crops as 
sweet corn, tomatoes, peppers, cabbage, squash, pumpkins and beans 
are grown. In many cases good gardens are grown by using the 
excess water pumped by the farm windmill. 


Cultivation 


Garden soils should be cultivated at frequent intervals and for 
the most part shallow. This operation will keep the surface soil well 
stirred, thereby forming mulch which will keep down moisture losses 
as well as destroy weed growth. The soil should be cultivated after 
each irrigation or rain as soon as the soil is dry enough to work. 
This will prevent the formation of crust and surface baking. As a 
veneral thing the gardener irrigates too often and heavily and neg- 
lects cultivation. Do not substitute irrigation for cultivation. It 
is better to cultivate at regular intervals and by so doing less water- 
ing will be found necessary for healthy growth of plants. Cultiva- 
tion may be accomplished by the use of horse-drawn implements on 
large gardens, while on the small gardens, with narrow rows, a 
wheel or hand hoe may be used. 


Insects and Diseases 


There are usually quite a number of insects and diseases which 
attack garden crops and cause some loss. As a rule the gardener 
does not notice the injury until too late, and careful inspections 
should be made from time to time. Preventive measures are im- 
portant and if disease is not known, write to the Colorado Experi- 
ment Station for Bulletin No. 328, ‘‘Common Diseases of Truck 
Crops.”’ 


The table on the next page has been prepared on garden insects 
and methods recommended for control. 


Cultural Directions for Vegetable Crops 


Asparagus is a crop which should be in every garden and is of 
special importance because of the high quality of the product. It 
is one of the earliest crops to produce in the spring and once it is 
planted and properly eared for, will produce for many years. It 
will do well on almost any well-drained soil, especially a well-fer- 
tilized deep loam; if earliness is desired a deep sandy loam is an 
advantage. 


While asparagus plants can be grown from seed, it is as a rule 
more satisfactory to purchase plants from a reliable seedsman. This 
Is especially true for the home gardener. In most cases it is better 
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Garden Insect Pests and Methods of Control 


By Grorcr M. List, Department of Entomology, 0.A.C. 


: Control Method 
Crop Insect Stage Which Type of Injury Given Under 
Does Damage Numbers At 
Foot Of Table 
Asparagus Asparagus beetle Adult, larva Feed upon new growth 
and mature stalks ieee 
Beans Mexican bean 
beetle Adult, larva Feed upon leaves & pods 3 
Cabbage Cabbage aphis All stages Suck juice from leaves 4 
Cauliflower 
and Kohl-rabi] Cabbage worm Larva Eat foliage 2: 
Cabbage maggot Larva Tunnel in base of stem 
and roots 5 
Cuiworms Larva Cut off young plants 6.7 
Cucumbers Cucumber beetle Adult Eat leaves and stem 8 
Aphis Adult Suck juices from stem 
and leaves 4, 12 
Squash bug Adult, nymph | Suck juice from stem 4,9 
Eggplant Fleabeetle Adult Eat leaves of young plants 10, 11 
Lettuce Cutworms Larva Cut off young plants v6 
Grasshopper Adult, nymph | Eat leaves of young plants 7 
Melon Same as cucumber 
Onion Maggot Larva Burrow in the bulb No satisfactory 
method 
Thrip Adult, nymph | Suck juice from foliage ie 
Potato Colorado potato 
beetle Adult, larva Fat foliage 3, 13 
Flea beetles Adult, larva Adults eat foliage, larva 
feeds on tubers 10, 11 
Peas Aphis Adult, nymph | Suck juice from plant 4,12 
Squash Same as cucumber 
Tomatoes Horned tobacco ; 
worm Larva Eat leaves and fruit 15, 2,9 
Tomato Tomato psyllid Adult, nymph | Suck juice from plant 12, 14 
Cutworms Larva Cut off plants On 
Corn Corn earworm Larva Eat into corn ear No satisfactory 
method 
Corn-root worm Larva Tunnel into base of stalks 
and roots 15 


Methods of Control 


1. Dust mature plants with a mixture of air-slaked lime (5 parts) and lead ar- 


senate (1 part). ; 

2. Spray with a solution made of 2 ounces of lead arsenate, 2 ounces of laundry 
soap and 3 gallons of water. : ; 

3. Spray with magnesium arsenate or zine arsenite (1 ounce) and water (3 gal- 
lons). 

4. Dust with a mixture containing 5 percent nicotine sulphate. 

5. Protect plant with tarred paper disc placed at base of plant at time of trans- 
planting. : ; 

6. Wrap stem of plent, from roots to first leaves, with paper at time of trans- 
planting. 
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Tix two-thi shite arsenic or Paris Green with 1 pound bran. Di- 

& jute Te ee eter aoe caren a small amount of water and with this 
moisten the bran into a crumbly mass. Scatter along the rows of plants at 
night. For grasshoppers scatter broadcast before 10 a.m. 

8. Dust with gypsum or hydrated lime (19 parts) and calcium arsenate (1 part). 

9, Hand pick. 

10. Dust with hydrated lime (5 parts) and calcium arsenate Cl part): 

11. Spray with Bordeaux Mixture, 4-4-50 formula. ‘This mixture can be purchased 
in the dry form from druggists or seedmen. 

12. Spray with a solution containing 2 tablespoonsful of nicotine sulphate, 1 ounce 

soap, and 3 gallons of water, about every 109 days after insects appear. 

13. Spray with Paris Green (1 ounce) water (3 gallons). 

14. Spray with lime-sulphur solution (1 part) water (40 parts). 

15. Rotate crops. Never plant corn following corn. 


to purchase i-year-old plants for transplanting and where it is pos- 
sible, select only the strong healthy plants. Many gardeners order 
a good many more plants than are needed in order to select the 
most vigorous, and with a cost of 1 to 2 dollars per 100 it is not ex- 
pensive. For the average family 100 roots are all that are needed. 


In planting, select a place in the garden that will not be dis- 
turbed by the plowing or preparation of the garden usually near a 
fenee on the outside of the plot. The plants should be set out in 
furrow rows 3 to 5 feet apart, and about 10 to 18 inches between 
plants. The furrows should be 10 to 14 inches deep to permit proper 
covering of the roots. At first a shallow covering of 2 to 3 inches is 
desirable and as the plants grow, more soil can be worked in the 
furrow by cultivation so that by the end of the season the furrow is 
filled. Deep furrows can be made by running a hand plow in the 
same row 4 times. Planting should be made early in the spring of 
the year. Asparagus should not be cut for use until the third year 
after planting and then only for a short time. 


A short-growing crop such as beans or early cabbage may be 
planted with the asparagus the first season, and cultivation of such 
a crop will also suffice for asparagus. After the first season cultiva- 
tion should be shallow and frequent, all during the growing season. 


It is a good practice to allow the tops to stand until spring, es- 
pecially where the winter is severe. If the tops are cut green a eood 
bit of the reserve food material is lost which should be stored in the 
roots. It is better to dise the tops into the soil in the spring rather 
than to burn them off. The erop is a comparatively heavy soil feeder 
and needs plenty of fertilizer, and from 10 to 12 tons of barnyard 
manure per acre each year may be applied when producing full 
vields. 

The shoots are harvested by cutting with a knife after they have 
attained a length of 4 to 5 inches. The cutting should not be deep 
but just underneath the surface as there is danger of injuring the 
crown. If bleached asparagus is desired, the rows may be hilled up 
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with soil and when the tips appear thru the surface they are ready 
GOeCULL. 

Beans are an important crop in this state and are grown on a 
wide range of soil types. The heavier types are less desirable than 
light sandy loams. Beans will not stand light frosts and being ten- 
der should not be planted until all danger of frost is over. 

The planting distance varies according to the method of eculti- 
vation used. For the small home garden, 15 to 18 inches between 
rows 1s satisfactory, while on the larger farm gardens, the rows may 
be 20 to 36 inches apart. The depth of planting should be from an 
inch to an inch and a half. Many gardeners plant beans thickly, 
around 2 beans per inch, in which ease thinning is important. Gar- 
den beans should be thinned so that there will be a plant every 2 to 
4 inches. Frequent shallow cultivation should be given up to the 
time the crop is in full bloom. Beans should not be cultivated when 
the vines are wet from rain or dew in order to prevent spread of 
diseases. 


Lima beans require especially long, warm, growing seasons to 
do well and it is better to plant Jater than the snap beans. The seed 
are sensitive to proper conditions for germination and will not do 
well if the soil temperature is too low. With too much soil moisture 
they will rot. Any condition such as soil crust, due to rain after 
planting, will cause a heavy loss in stand. It is important that lima 
beans be planted on the lighter, sandier, soil types in this state, so 
they can mature earlier. This is especially true in sections of the 
state where the growing season is short. Care and cultivation are 
practically the same as for snap beans. ‘ 

Pole beans are fast becoming more popular as a green shelled 
bean and may be planted in hills 3 to 5 feet apart. From 3 to 4 
plants left in each hill are sufficient. The lima bean may also be 
used as a green shelled bean. See variety list for special varieties. 


Beets.—Garden beets may be planted early in the spring before 
all danger of light freezes is over, since the crop is somewhat hardy. 
Beets will do well on a wide range of soil types. However, where 
bunch beets are desired, earliness is more important than heavy yield, 
and the lighter sandy soils are more desirable. 

The seed may be sown with seed drills or by hand in rows 12 
to 18 inches apart for hand cultivation or 20 to 24 inches apart when 
the horse-drawn drills are used. The seed should be planted to a 
depth of three-fourths of an inch to 1 inch under the soil, and where 
the crop is to be harvested all at one time, the plants should be 
thinned to from 3 to 4 inches apart in the row. 

Thinning while small is very important since the beet seed is of 
a compound nature and several plants usually develop from one seed. 
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In leaving the largest beet in each bunch, quite an advantage is ob- 
tained in earliness. Successive plantings for winter storage may be 
made as late as the middle of July. Early planted beets usually are 
too large and woody to use for pit or cellar storage. Poor quality 
in the garden beet is usually determined by thé light color or white 
rine zones in the interior of the root. A cross-section of the root 
should be dark red thruout. One of the desirable varieties is the 
Early Wonder, a round, early, dark red variety. 


Brussels sprouts are very closely 
related to cabbage and require about 
the same cultural treatment. The 
sprouts or miniature heads are formed 
in the axils of the leaves and are cut off 
and cooked like cabbage. The crop is 
more hardy than cabbage, and usually 
reaches the best stage of edibility dur- 
ing late fall. The leaves should be brok- 
en off as the buds develop, and only a 
few left on the top of the plant. Plant 
hee are apt to feed in the young buds 
and a careful inspection should be made 
from time to time, so that spraying can 
be resorted to before the buds become 
large and act as protection for the in- 
Sects, 


Broccoli, closely related to cauli- 
flower, is becoming better known, and 
the market is showing a promising de- 
velopment, especially in the eastern 
states. Test plantings over the state 
show that the crop is not well adapted 
to all sections because of the lone sea- 
son required for proper development. 
Broeeoh requires about the same eul- 
tural treatment as cauliflower, except 
that the plants should be set farther 
apart and the wide space between rows. It has two advantages over 
cauliflower in that it is not as sensitive to high temperatures and it 
is more certain. Tying of the leaves is unnecessary, and a partial 
second crop is often cut. Broccoli should be cut before there are any 
signs of separation of the curd. At the present time it is difficult to 
secure seed of good strains, and many gardeners have been disap- 
pointed in the yields of the crop. 


Brussels sprouts. 
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The flat Dutch variety of cabbage. A good type for winter storage. 


Cabbage.—For the early crop, the seed should be sown in the 
hotbed in March and by proper hardening of the plants they may be 
set out in the field in April. The early varieties will mature in July 
and August. For the late crop the seed may be planted in an out- 
door seedbed the latter part of May or first of June, and set out in 
the field as soon as they are of proper size. Late-planted cabbage 
should mature in October, and is usually ready for winter storage. 
The early crop is usually set 18 inches apart in the row and the rows 
2 to 3 feet apart. Late cabbage is set at the wider spacing of 24 to 
26 inches apart in the row and the rows are 3 feet apart. 


The cabbage crop requires frequent cultivation, plenty of mois- 
ture and good fertilization for heavy yields. The crop will do well 
under a wide range of conditions, and is not sensitive to extremes 
of temperature. 


Carrots.—The popularity of carrots has increased considerably 
durine the past few years because their value in the diet is much 
better understood. They are included in most gardens, and usually 
planted at successive intervals of 2 or 3 weeks, so that a supply of 
fresh tender roots is available all during the growine season, and 
for winter storage. 
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The crop is grown in about the same manner as garden beets. 
The seed is sown in rows 18 to 24 inches apart for the small garden 
and covered one-half inch deep. The plants should be thinned after 
they are well started, to a distance of 2 to 4 inches between plants. 
Thinning may be handled in the small garden by pulling the larger 
roots when of sufficient size to use, and allowing the smaller ones to 
develop. The smaller-sized carrots are tender and more desirable 
for table use. 


Carrot varieties—Oxheart, Chantenay, Coreless and Danver’s Half Long. 


The most popular varieties are the Danver’s Half-long and 
Chantenay. The Nantes or Coreless is a variety of very fine quality, 
altho it does not yield as heavily as the other two varieties. 


Copenhagen market variety of cabbage. Cross section of two different 
heads, same age, showing undesirable core. 


Cauliflower is a member of the cabbage family which has be- 
come an important crop, principally in the high-altitude sections of 
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Well-developed heads of cauliflower. 


the state. It does not thrive well in dry or hot weather and for the 


sections with long growing seasons, it should be planted either as an 


early spring or late fall crop. For the early crop the seed should 
be planted in hotbeds in March and as soon as severe freezes are 
over the plants should be set in the field. Cauliflower will not stand 
as much frost as cabbage. The spacing and distance between rows 
varies according to the variety, as a rule, 18 inches between plants 
and 3 feet apart in the rows, being the common planting distance. 
The late crop may be started by planting the seed in the open during 
May and by July the plants should be large enough to set in the field. 


As soon as the head or curd has started to form, the leaves 
should be tied over the top, in order to properly bleach the curd. 
Many gardeners use different colored string in tying heads so. that 
all of the first-matured plants are tied with one color and ean then 
be harvested without any difficulty or loss of time. The most com- 
mon variety for the main crop is the Karly Snowball. Another new, 


promising, early variety is the Matchless Spring. 


Celery will do well on a deep, rich, well-drained soil. The heav- 
ier-type soils are more often used to produce celery. However, where 
there is plenty of moisture available during the growing season, 
good crops may be produced on the well-fertilized lighter-soil types. 
Plenty of fertilizer should be applied to the soil for celery growing 
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Transplanting celery. Notice the method used in irrigating before and 
after setting. 


and where available, barnyard manure is the most satisfactory. It 
is better to turn manure under by spading or plowing in the fall of 
the year. 


Growing celery plants is rather an exacting operation and it is 
better for the home gardener to buy plants rather than attempt to 
raise the necessary number. It is important in sowing celery seed 
that the soil be very fine and well pulverized because of the smali 
size of the seed, and the slow germination. The seeds should be 
covered lightly with soil after sowing and the seedbed shaded until 
the sprouts are well thru the surface. Planting for the early crop 
should be done about March 1 and the plants should be ready to set 
out in the field during the first half of May. Late celery plants are 
often started out of doors and set out in the field in early July. 


In setting the plants in the garden, it is important to set them 
at the proper depth along the edge of the furrow so that the heart 
of the plant is not covered. The rows should be made at the proper 
distance and the water run thru the furrow considerably ahead of 
setting. The plants may then be set along the side of the furrow 
and the water again run thru the row. A dibble or a trowel may be 
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used in making an opening in the soil for the plants. Frequent and 
shallow cultivation is important where a manure mulch is not used, 
in cutting down moisture losses. 


The early varieties are 
blanched by wrapping each in- 
dividual plant with paper or by 
placing boards along each side 
of the row elose to the plants. 
Time required for blanching de- 
pends upon the variety and 
weather conditions; it usually 
takes about 2 weeks for proper 
blanching. The late celery is 
bleached by gradually banking 
up earth in the row. For stor- 
ing, best results are secured by 
placing the celery in outdoor 
trenches. The depth of the 
trench depends on the height of 
the celery, usually about 18 to 
24 inches deep, so that some of 
the top of the plant is left above 
A winter storage trench for late celery. the trench. The crop should not 

be stored until continuous cold 
weather sets in. The plants should be dry, free from disease, and the 
roots must not be removed when stored, so that the plants will con- 
tinue to grow slowly. The top of the trench may be covered either 
with boards or with strawy manure. Cellar storage is not generally 
satisfactory. 


There are several new early varieties that are being used to 
some extent, the Easy Blanching and Golden Plume, altho the com- 
mercial acreage is still planted to the Golden Self Blanching. 


The cucumber is a tender vegetable which cannot be planted 
until after all danger of frost is over. As a rule the rows are laid 
out, on all the larger acreages, 6 feet apart and the seed planted in 
hills 18 inches apart. A good many gardeners follow the practice 
of sowing the cucumber seed in the row in a small drill or by hand 
and thinning out, after the stand is thru the ground, to a distance 
of 2 to 3 feet apart, leaving 3 to 4 plants in each hill. 

The crop will do well on well-fertilized, hight, sandy loam. It is 
important that the soil be rich and have plenty of available plant 
food. In planting in the small garden, a small fork full of manure 
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may be placed under each hill and mixed in with the soil. The seed 
should be covered to a depth of about one-half inch. Clean cultiva- 
tion should be kept up until the vines run across the rows. 


Cucumbers are picked for slicing as soon as they have reached 
the proper size. This lengthens the bearing period and considerably 
increases the yield of cucumbers. In case the cucumbers are to be 
used for small pickles, they should also be picked when they reach 
the proper size. Usually, the smaller the fruit the more desirable 
for the small pickle. 

The egg plant requires a long, warm growing season with a 
rather light loamy soil to develop properly. In most sections of Colo- 
rado the season is too short for the egg plant to properly mature 
without transplanting. The seed should be planted in the hotbed 
or greenhouse around the middle of March and they may be either 
transplanted to small pots when they develop to two small leaves, or 
they can be set directly out in the field, provided weather conditions 
will permit. Ege plants are very susceptible to frost injury and 
they should be properly hardened off in the coldframe before setting 
out in the field. In setting out, they should be planted in rows 3 
feet apart and about 20 inches between plants. Closer spacing may 
be given if space is limited. It is important to keep crops growing 
uninterruptedly during the season, and the soil should be rich and 
well fertilized for good yields. 


The most common variety is the Black Beauty. For the small, 


Kohl-Rabi. 


> 


vegetable deserving more attention by gardeners, 
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home garden, better results will be secured by purchasing plants 
from a seed house or nursery company. The plant is only adapted 
to the sections of the state where.the growing season is long. 

Kohl Rabi is a member of the ecruciferae family and is closely 
related to the cabbage group. It produces a thickened stem or bulb 
just above the ground and has a flavor very similar to cauliflower. 
The plant is hardy and ean be grown under practically the same con- 
ditions as cauliflower. The seed may be sown directly in the field for 
the late fall crop or for the early spring crop it may be planted in 
the hotbed and transplanted to the field as early as April. The 
plants should be thinned out when the seed is sown in the field, to a 
distance of 6 to 8 inches apart. 


This crop only remains in an edible condition for a short time 
and it should be used when the bulb reaches a diameter of 24% to 3 
inches. After that time it becomes woody and strong and is unfit 
for table use. 


Head Lettuce —Head lettuce is one of the most important com- 
mercial salad crops grown in the state and can be grown under a 
wide range of soil conditions. It can be grown on a rich, moist soil 
and is especially well adapted to the high-altitude sections of the 
state. It is also an ideal crop to grow early in the spring or late in 
the fall in the sections of the state with a long growing season. Good 
results have been secured by planting the seed in the hotbed in 
March and transplanting the lettuce to the field in April. However, 


Head lettuce grows to perfection in the high-altitude sections of the state. 
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the majority of the acreage is planted by seeding directly in the 
field. Plantings may be made in July and August for the fall crop 
as lettuce will stand considerable low temperature. 


Lettuce should be grown without any checking in the field to 
be of high quality. Rapid growth is especially important and the 
soil should be rather rich for good results. The seed is usually sown 
in rows about 18 inches apart and thinned out at a distance of 12 to 
14. inches in the row. The seed is very small and should not be 
planted deeper than half an inch. It is important to cultivate fre- 
quently and at a shallow depth. 


The crop is sensitive to weather conditions and especially so 
during the period that it is heading. Frequent ight rainfall during 
the heading stage will produce soft mushy heads, whereas unusually 
dry hot weather will favor the development of seed stocks. For that 
reason it is important that the crop be matured as rapidly as pos- 
sible before there is danger of extremely hot weather starting in. 


For head-lettuce varieties, the more common one now being used 
in the large commercial acreages in the state is New York or Won- 
derful. It is also known as the Los Angeles Market and Mountain 
Iceberg. The gardener should emphasize the variety that he wants 
to plant and should not ask for the common Iceberg type. This 
variety has a pink tinge on the margin of the leaf and is undesirable 
for planting. 


Leaf Lettuce.—Leaf lettuce is often grown in home gardens for 
use in salads. This type of lettuce is almost a sure producer and will 
yield an ample supply of greens for the average family. When it is 
grown in the small garden it is usually not thinned, but cut or thin- 
ned out as it is used. The culture is practically the same otherwise 
as for the growing of head lettuce. 


For more details concerning the culture of lettuce, write to the 
Colorado Experiment Station and ask for Bulletin No. 309, entitled 
“Head Lettuce, Cauliflower and Peas.’’ 


Muskmelons.—The term ‘muskmelon’ as used by the grower re- 

fers to the melons that are characterized by large seed cavities, dis- 
tinct ribbing and a surface that has a rather light netting, whereas 
the cantaloupe usually has a small seed cavity and is heavily netted 
on the surface. The muskmelon is an important commercial crop 
in this state and is grown principally in the sections which have a 
long, warm, growing season. 
, In order to produce it profitably in the sections with short eTrow- 
Ing seasons, it is important that it be planted on a light, sandy, loam, 
soil type, preferably with a southern slope. The soil should be well 
prepared, free from cloddiness, and not too heavily fertilized. 
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For the small home garden the seed is usually planted in hills 
5 to 7 feet apart and 6 to 8 seeds planted in each hill. The seed is 
planted to a depth of about 1 inch. After the sprouts have appeared 
thru the surface of the soil they should be thinned out to 3 or 4 
plants per hill. The plant will not stand even the very light freezes 
and seed should not be planted until all danger of frost is over. 


Where the growing season is especially short, cantaloupes of 
the early variety may be grown by starting indoors by planting in 
small strawberry boxes or flats. After the plants have developed 
2 or 3 true leaves they can then be set out in the field and a plant 
protector placed over the top of them. The use of such protectors 
has proved to be very profitable in many instances for the small 
earden. 


Cultivation should be frequent and shallow up to the time the 
vines run across the row. Light frequent irrigations are reeom- 
mended for this crop; the nature of the vine growth causes the soil 
to be more or less shaded and it will retain moisture for longer in- 
tervals. 


Muskmelons or cantaloupes should not be pulled for immediate 
consumption until the fruit separates from the stem. In commer- 
cial fields the picking is accomplished by pulling the melons from 
which a fourth of the stem is pulled off of the fruit. This is called 
the quarter-slip stage and is used for long-distance-shipping pur- 
poses. For the shorter-distance shipments the half-slip stage is used, 
and for immediate consumption the full-ship stage is used and that 
is where the entire stem pulls out of the melon. 


There is much confusion among growers as to varieties. How- 
ever, the larger commercial acreages are planted to Hale’s Early 
and to the Pollock 10-25. The Pollock 10-25 is the main crop variety 
and is a heavy yielder of high-quality melons. A very good variety 
of muskmelon is the Greeley Wonder. 


Onions.—The growing of onions in this state has proved to be 
an important industry in the sections of the state with long growing 
seasons. They can be grown in practically all parts of the state, 
even tho the growing season is short, by using the transplanting 
method. The crop may be grown from seeds, plants or sets. Where 
the sets are planted the crop is usually harvested as green onions, 
whereas, in planting seeds and plants, mature dry onions may be 
grown for the market. The seed is usually sown during the latter 
part of March or the first of April, in single rows 20 inches apart. 
In many cases the rows are planted at a distance of 26 inches apart 
and a row planted on each side of the furrow. This leaves a pair 
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of rows about 12 inches apart and 14 inches between rows. A good 
bit of the commercial acreage is planted, however, In single 20-inch 
rows. 


Onions are ready to harvest when most of the tops drop over from maturity. 


In planting seed of good quality it is seldom necessary to thin 
where the seed is evenly distributed in the row. In some eases it 
has been necessary to thin and this was caused by too heavy seeding, 
in which ease the plants should be thinned out to a spacing of 4 
inches. The seed should not be covered at a depth of over half to 
three-fourths of an inch. 


The root system of the onion crop is usually very shallow and 
irrigation should be frequent. Where the seed is planted it is often 
necessary to irrigate after planting. While no definite rule can be 
laid down for irrigating onions, it is important that they be kept 
erowing without checking. 


In sections of the state where the growing season is unusually 
short, a good yield of onions may be secured by the transplanting 
method. In using this method the seed is sown in the hotbed or in 
the small greenhouse bench during February. As a rule there are 
somewhere around 10,000 seeds per ounce and it will require around 
8 ounces to grow the 80,000 plants necessary to set an acre. The 
plants should be grown to the size of an ordinary lead pencil before 
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they are removed for transplanting. It is important that the top 
development be held down so that there is not a soft, succulent 
erowth made. The plants should be hardened off gradually by with- 
holding water and lowering the temperature. Plants set in the field 
are usually spaced at a distance of 3 to 5 inches in the row and 
planted in 20-inch rows. There are several advantages of using this 
method. 


It lengthens the growing season, it favors the development of a 
milder, more mature onion, increases the yield and eliminates the 
tedious process of weeding. The first hoeing or weeding of onions 
is usually the most expensive and this can be done by cultivating 
before the onions are transplanted. The cost of setting plants varies 
between $40 and $65 per acre and at the present time the depart- 
ment is conducting comparative costs on the two methods. There 
are a good many transplanting machines on the market, which, while 
they have not been tried out experimentally are supposed to plant 
from 60,000 to 80,000 in a day. Ordinarily one man can set from 
8,000 to 10,000 plants in a day. The transplanting method so far 
has not proved to be well adapted for extensive commercial use. 
However, for the small home garden it should be especially profit- 
able in growing the mild Spanish or Bermuda onion. 


When the onions are matured properly the tops will fall over 
naturally and the crop is then ready to pull and cure. The bulbs are 
pulled from the soil and piled in windrows, usually 6 rows to the 
windrow, and allowed to cure. The tops are cut off about 1 inch 
above the bulb and allowed to dry for a period of 10 to 14 days. It 
is important that the bulbs be well cured so that the necks are not 
green when they are put into storage. All immature or thick-necked 
specimens should be sorted out and only the very choice bulbs se- 
lected for storing. Onions should be stored preferably in crates in 
a cool, well-ventilated, dry room. 


In growing onions for sets, the gardener sows the seed very 
thickly so that the onions do not have a chance to develop. A good 
many gardeners use a small portion of their plot for the growing of 
sets for the next year. As soon as the small plants have reached 
the size of one-half to three-fourths inch in diameter, they should 
be pulled and dried in the sun before topping. The small sets thus 
procured can be prevented from sprouting by placing in a cool, dry, 
well-ventilated room and can be kept dormant until ready to set out. 


The parsnip is a crop that will do well on especially deep, sandy- 
loam soil. The root development is unusually long and it is im- 
portant that the soil be deep. This crop requires a long season for 
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Well-matured onions will keep better when stored in open-slat crates. 


full development and the seed should be planted at a depth of not 
less than one-half of an inch, in rows 18 to 24 inches apart. As soon 
as the crop is well started it should be thinned to a spacing of 4 
inches between plants. The crop is unusually hardy and a portion 
of the crop may be harvested in the fall of the year and placed in a 
convenient storage pile or cellar and the balance left in the ground 
until spring. The portion that is left in the soil should be covered 
with a muleh manure or the soil thrown over the top of the crowns. 


Potatoes have an important place in the home garden from two 
standpoints. They will supply new potatoes as early as June in some 
sections and not later than August in any part of the state. Second, 
they will keep well into the winter or even into the following sum- 
mer under proper storage conditions. They yield more food for a 
given amount of space than most any other vegetable and can be 
grown on a small scale anywhere in the state. 


Potatoes succeed best on a sandy-loam soil, underlaid with a 
porous sub-soil, but even the heavier soils produce good crops if 
they are underlaid with a porous sub-soil. Heavy adobe soils which 
puddle easily are not suited to potatoes, unless they can be loosened 
up by the application of well-rotted manure in large quantities. 


The preparation of the soil should be thoro and deep, to con- 
serve moisture, provide a large feeding area, and to insure the least 
resistance to the developing tubers. The worst enemy of the garden 
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A mountain potato field. Potatoes can be profitably grown in the home garden. 


potato is scab. This difficulty is caused and increased by growing 
the potatoes on the same plot year after year and by the application 
of fresh manure. Other diseases, such as rhizoctonia and fusarium 
may also be carried by the soil. Because of these diseases the potato 
plot should be moved around over the garden and not remain in the 
same place year after year. In fact, the potatoes should not remain 
in the same spot 2 years in succession. 


For garden purposes the early varieties are recommended: Bliss 
Triumph, Irish Cobbler and Early Ohio. In some eases, under irri- 
gation, a late variety may be desired in which case the standard 
variety for the locality will be best or the Rural New Yorker No. 2 


will succeed almost anywhere if the season is long enough. 


As a general rule the home gardener does not receive maximum 
returns from his potatoes because the seed is badly run out or de- 
generated. He should procure new certified seed at least once in 5 
years and in some localities once in 2 years. It is always advisable 
to treat the seed and for this purpose one of the organic mereury 
compounds will be found suitable. 


The seed should be cut into large blocky pieces averaging at 
least 2 ounces in weight. It is best to cut the potato longitudinally 
from the bud eye cluster to the stem and then cut straight across 
if necessary, making sure that there is at least one eye on each piece. 
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The best plants and the best tubers should always be saved for seed. 
Do not plant the culls that are left in the spring. 


It may be advisable to make two plantings in sections with the 
longer growing seasons, one to supply new potatoes during the latter 
part of the summer and one for the winter storage supply. In the 
warmest sections, planting may be done the last week in March or 
early in April. In the highest altitudes it may not be possible to 
plant until nearly the first of June. The planting may be done by 
hand. A furrow or trench is opened up to a depth of 4 or 5 inches 
depending on the character of the soil. In heavy soil planting should 
not be over 4 inches deep, while in light soil, 5 or even 6 inches is 
better. If the garden is irrigated, plants may be 12 or even 9 inches 
apart and rows 28 inches apart if hand cultivated or 34 inches apart 
if horse cultivated. On dryland plants should be from 14 to 18 
inches apart and rows 42 inches apart. 


Cultivation should begin soon after planting to keep the weeds 
down and keep the soil loose and well aerated. After the plants 
are up, cultivation should be continued between the rows. Thoro 
cultivation should follow each irrigation and under no conditions 
should the soil be allowed to crust or bake. As soon as the tubers 
begin to form, soon after blooming, dirt should be drawn to the 
plants. 


Potatoes should always be irrigated in furrows 6 to 8 inches 
deep between the rows, never by sprinkling. The water should be 
allowed to run until it has wet thru between furrows, 12 to 48 hours. 
A small stream of water for a longer time is better than a larger 
stream. Most gardeners irrigate potatoes too much; 2 to 4 irriga- 
tions will generally be sufficient. Keep the plants growing and do 
not check them by letting them get too dry or by getting them too 
wet. 


Small new potatoes may be dug 8 to 10 weeks after planting. 


Peas.—The growing of peas is of considerable importance in the 
state, both in high-altitude sections for the fresh-vegetable market 
and for canning, in the northern part of the state. The drawf round- 
seeded varieties are usually the earliest and most hardy but are not 
of high quality. For the small home garden the crop is usually 
planted in double rows 18 to 24 inches apart or in single rows 24 
inches apart. The seeds should be planted to a depth of about 1 
inch for late seeding and 3 to 4 inches for early planting, which may 
be done as early as the ground can be worked. The crop requires 
a cool growing season and best results will be secured by planting 
so that the crop will mature either early in the spring or late in the 
fall. The crop responds favorably to fertilization and over-fertil- 
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ization will produce an unusually heavy fine growth at the expense 
of pod production. For the home garden successive planting should 
be made during the early spring and late summer. 


The dwarf varieties are becoming more popular and do not need 
trellis supports. For the tall varieties the trellis is usually needed 
to support the vines and the successive planting should be made 
only with the dwarf types. For more detailed information concern- 
ing the culture and growth of peas, write to the Colorado Experi- 
ment Station for Bulletin No. 309, ‘‘Lettuce, Cauliflower and Peas.”’ 


Peppers.—The pepper crop usually requires a long, warm grow- 
ing season, slightly more so than the tomato crop. The seed is slow 
to germinate and it is especially sensitive to too much water while 
sprouting. Plants should be started in the hotbed or greenhouse in 
early March in order to have good strong vigorous plants to set out 
in the field when danger of frost is over. Due to the slow growth 
made by the plants, they are often transplanted once to pots or flats 
before setting out in the field. The plants may be set out in the gar- 
den in the latter part of May or early June as soon as all danger of 
frost is over. The distance for setting in the field is usually in rows 
18 to 24 inches apart, and about 15 inches between plants. 


Sweet corn requires an unusually warm growing season for 
proper development and has more limited use in this state because 
of the short growing season, especially in the high altitudes. For the 
small home garden, corn is usually planted in rows 30 to 36 inches 
apart and the seed planted so that there will be a plant every 10 
inches in the row. 


Another method often used is planting the hills in rows 3 feet 
apart and 3 feet apart in the rows. The seed should be planted at a 
depth of an inch to an inch and a half. It should not, however, be 
planted until the latter part of May, after danger of frost is over. 


Some gardeners follow the practice of making successive plant- 
ings during the summer in order to have a fresh supply on hand dur- 
ing the summer season. This can be done profitably in sections of 
the state where the growing season is long. 


In order to have proper quality in sweet corn it should be used 
a few hours after picking. 


There are a few new varieties which will mature in 60 to 65 days. 
However, varieties like Golden Bantam usually require 70 to 75 days. 
In the sweet-corn variety trial, results do not warrant the use of the 
smaller 60-day corn. 


It is not necessary in growing sweet corn to sucker the sprouts 
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that grow up from the base of the old plant. Over a period of years 
it has been shown that suckering sweet corn does not pay. It is very 
difficult in planting the later varieties to secure proper maturity and 
it is better for the home gardener to make successive plantings of 
varieties like the Golden Bantam rather than to grow the Country 
Gentlemen or Late Evergreen types. 


Radishes.—The easiest and quickest vegetable to mature in the 
earden is the radish. In order to secure quality and flavor in the 
radish it is important that a rapid growth be made without any 
check. The seed should be planted at a depth of about half an inch 
and the crop may be planted in rows 12 to 20 inches apart. Some of 
the early varieties will mature in 25 days and successive plantings 
should be made during the cool season. Radishes will not do well if 
planted in the heat of the summer, and it is much better to make 
successive early spring plantings and successive late plantings. 


This crop is an ideal one for a companion crop with lettuce, or 
it may be sown between the rows of cabbage, beans and potatoes. 
Because of the short time required for maturity it is usually out of 
the way before heavy cultivation is needed by the other crops. 


In pulling the larger radishes, thinning is thus accomplished and 
more room is given for the others. In planting in the hotbed, the 
seed is usually sown in rows 4 to 5 inches apart early in the spring. 
When forced in this manner the crop will mature in a short time. 


In growing the winter radish, one should sow the seed about the 
last of July or the first of August. This will permit the root to de- 
velop to a sufficient size for storing in pits or in the cellar. The size, 
shape and color of radishes should determine the one that the grower 
wishes to plant. Referring to the variety list, a few of the more 
common types are listed. 


Spinach is being grown more extensively every year and is used 
as a greens crop. It is very hardy and ean be planted early in the 
spring in rows 12 to 20 inches apart and thinned out when ready for 
use. It requires around 50 days for the crop to properly mature. 
Successive plantings may be made during the growing season and the 
late crop may be planted in July or in August. Spinach should be 
planted in a soil that is rich and well fertilized so that a rapid erowth 
can be made. There should be plenty of moisture available during 
the growing period, as an especially dry period often causes checking 
and injures the quality of the leaf. 


The turnip is a hardy vegetable and may be grown as an early 
spring or late fall crop. The seed may be planted in early April for 
the spring crop or in August for the fall crop. The rows for the 
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small garden may be marked off for planting at a distance of 18 to 
24 inches apart. The seed should be sown half an inch deep and the 
stand thinned to a distance of 2 inches apart in the row for harvest- 
ing as a bunch vegetable. Turnips are hardy and may not be har- 
vested in the fall until after light frosts. The roots may be stored 
in outdoor pits or in cellars. 


Tomatoes require from 100 
to 150 days to produce fruit and 
if an early crop is desired, the 
seed should be planted 6 to 8 
weeks before the date of the last 
killing frost in the spring. For 
the small home garden this can 
be accomplished by planting the 
seed in the house in shallow 
boxes and as soon as the seed- 
lines reach a height of 2 inches, 
they should be hardened by grad- 
ually withholding water and low- 
erine the temperature for about 
2 weeks before setting out in the 
field. The seed may be planted 
about the middle of Mareh for 
the early crop. The plants are 
usually set out about 3 by 3 feet 
apart. They should be set deep, 
the soil firmly pressed around the 
roots, and watered immediately 
after setting. 


Pruning the plants to a sin- 

De aise piers em au ole stem will produce earlier to- 

matoes and is especially adapted 

for use in the dryland sections of the state. The pruning is accom- 

plished by the pinching off of all branches or shoots in the axils of 

the leaves so that the fruit and leaves are produced on a single stem. 

The yield is usually not as great on pruned plants, altho there is an 

advantage in earlier ripening, more convenience in picking and in 
controlling insects and disease by spraying. 


The variety to select for planting depends upon the use the gar- 
dener plans to make of the fruit. For the family table as a fresh 
vegetable, quality, type and earliness should be considered. For 
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canning a variety such as the Bonny Best, will do well as it has a 
good red color, is smooth, has but little waste of fruit and is a good 
yielder. The Marglobe is a disease resistant variety and should be 
planted if there is a wilt disease prevalent. 


Pumpkins and Squash—The cultural treatments for pumpkins 
and squash are practically the same. The bush varieties may be 
planted in hills 4 feet apart. These two crops will respond to fer- 


Summer ecrookneck and white marrow. 


tilizer treatment and a fork full of well-rotted manure under each 
hill will pay well in yield returns. The seed should not be planted 
until all danger of frost is over, and the soil is warm. 


The Table Queen variety of pumpkins, often called Acorn or Des 
Moines, is one of the new types which is becoming very popular. It 
can be used during the summer or winter months, and because of its 


small size may be halved and baked. One pumpkin will do for two 
individual servings. 


The early summer varieties are in prime condition to pick just 
before the shell begins to harden. If the skin can be broken by a 
slight pressure it is in an edible condition. A hard shell is undesir- 
able. The later squash as the Hubbard, should, however, have a hard 
shell when mature and ready to pick for use or storage. 
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Witloof Chicory.—Chicory is 
often known as French Endive, 
and is grown mainly for its leaves 
used in salads and its roots used 
as an adulterant for coffee. The 
seed is usually planted in June in 
18 to 30-inch rows, and thinned 
at a distance of 4 to 6 inches 
apart. In the fall the roots are 
plowed out and tops eut off to 
about 3 inches above the crown, 
and placed in storage until ready 
to use for forcing. The crop may 
be forced by placing in a cool 
cellar or under greenhouse bench- 
es. The roots are vertically set in 
a trench close together and cov- 
ered with fine soil or sawdust to 
a depth of 7 to 8 inches, so that 
light is excluded. This will pre- 
vent the leaves of the head from 
spreading. Light watering is necessary and under temperatures of 
50 to 60 degrees the heads should develop to proper stage in 4 weeks. 
The heads should be cut before becoming too long, or just before 
pushing thru the covering. 


Forced heads on roots of Witloof chicory. 


Rhubarb is a perennial plant that is ready for use early in the 
season. It will do well on a wide range of soils, and requires plenty 
of fertilizer for good yields. It can be propagated by division of the 
roots in the spring or fall of the year, and each piece should have one 
strong bud. The roots should be covered after planting to a depth 
of 3 to 4 inches. The roots may be spaced 18 to 30 inches apart in 
rows 3 to 4 feet apart. Harvesting should not start until 2 years 
after planting. The crop requires plenty of water, and growth should 
be maintained after the cutting season in order to store food in the 
roots for the growth the following spring. 


Watermelons.—The culture of the watermelon is the same as 
described for cucumbers and muskmelons. The spacing of the plants 
is wider and the hills should be 8 feet apart each way, with 4 plants 
left in each hill. The crop is easily injured by frost and should not 
be planted until after the date of the last frost in the spring. 
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Vegetable Varieties for Colorado 


Asparagus 

Dwarf Snap Beans 
Bush Shell Beans 
Pole Shell Beans 


Bush Lima Beans 
Beets 


Broccoli 
Cabbage 
Carrots 
Cauliflower 
Celery 


Sweet Corn (Harly) 


Sweet Corn (Midseason) 
Sweet Corn (late) 


Cucumbers 


Keg Plant 
Kohl- Rabi 
Lettuce (Heading Type) 


Lettuce (Leaf) 
Cantaloupes and Muskmelons 


Onions 


Parsley 
Potatoes 


Parsnips 


Mary Washington—(Rust Resistant) 
Palmetto 
Columbia 


Giant Stringless (Green) 
Stringless Refugee (Green) 
Pencil Pod Wax 

Refugee Wax 

Stringless Greenpod 


Dwarf Horticultural 
White Kentucky Wonder 
Henderson Bush 
Crosby’s Egyptian 

Early Wonder 

Long Season 

Detroit Dark Red 

Early Model 


Italian Calabrese 


Golden Acre—Early 
Copenhagen Market—Earlyv 
Enkhinzen—Midseason 
Danish Ballhead—Late 
Flat Dutch—Late 


Nantes—Coreless 

Chantenay 

Danver’s Half-Long 

Early Snowball 

Dwarf Erfurt 

Matchless Spring (Extra Early) 
Golden Self-Blanching (Early) 
Easy Blanching 

Giant Pascal 

Golden Bantam (Yellow) 

Gills Early Market (White) 
Banting (Yellow) 

Sunshine (Yellow) 

Howling Mob (White) 
Evergreen Bantam (Yellow) 
Country Gentlemen (Late White) 
Stowell’s Evergreen (Late White) 
Davis Perfect (Slicing) 

Long Green 

Boston Pickling (Pickling) 
White Spine 

Black Beauty 

White Vienna 


New York or Wonderful (Main crop 

in state—crisp head type) 
Wayahead (Butterhead) 
Mignonette—Small crisp heading (early) 
Grand Rapids 


Hale’s Early 
Hearts of Gold 
Pollock (10-25) 
Honey Dew 
Honey Ball 
Greeley Wonder 


Ebenezer—for production of sets 
Danver’s Yellow Globe 

Mountain Danver (Main crop) 
Prizetaker 

Sweet Spanish or Valencia (Main crop) 
Denia 

Gibraltar 

Moss Curled 

HKarly Ohio 

Triumph 

Cobbler 

Rural New Yorker 

Hollow Crown 

Guernsey 
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Peas Laxton’s Blue Bantam 
Dwarf Perfection 
Nott’s Excelsior 
Dwarf Telephone 


Peppers Long Red Cayenne (Hot) 
Harris Earliest 
Panama (Piemento) 
Sunnybrook 
Oshkosh 


Pumpkin Small Sugar 
Summer Crookneck or 
Summer Straightneck 
Table Queen or Des Moines 
Early White Bush Scallop 


Radish Early Searlet Globe 
French Breakfast 
White Icicle 
Long Scarlet 
Black Spanish (Winter radish) 
Spinach Long Standing Bloomsdale (Marly) 
Juliana 
King of Denmark 
New Zealand (Late) 
Squash Delicious 
Hubbard 
Prolific Marrow 
Hubbard Kitchenette 


Sweet Potatoes Yellow Jersey 
Nancy Hall 

Swiss Chard Fordhook Giant 

Tomatoes HBarliana (Early) 


Karly Jewel 

Bonny Best 

Marglobe (Wilt Resistant) 
Greater Baltimore 

Globe 

Stone 

Ponderosa 


Turnips Purple Top Milan 


Red Top White Globe 
Watermelon Kleckley Sweet 

Tom Watson 

Fordhook Early 


Harvesting 


The time to harvest vegetables in order to secure high quality, 
is largely determined by the stage of growth. Quality in vegetables 
is of importance to the home gardener and it varies widely aecord- 
ing to the kind of crop grown, weather conditions and cultural care 
given during the growing of the particular crop 


Peas, sweet corn and snap beans lose quality quite rapidly after 
harvesting and should be used as soon as possible after being re- 
moved from the plants Harvesting should not be delayed until they 
have reached full size, as there is a considerable lowering of the 
quality by the delay. There is no definite rule to follow in harvesting 
for the highest stage of edibility Experience is of value in this con- 
nection. 


The root crops, such as radishes, carrots, beets and turnips, 
should be harvested when small, for quality. There is a definite 
relationship between size and quality, the smaller the root the higher 
the quality. 
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During periods of hot or wet weather, head lettuce will become 
worthless in a short time and it should be harvested as soon as heads 
are firm and compact. Cauliflower will also deteriorate rapidly and 
the heads should be cut as soon as they are of good size and well 
blanched. 


Cabbage and celery will stand some frost but should be har- 
vested before severe weather sets in. Potatoes must be dug before 
there is danger of tubers freezing. Parsnips may be left in the soil 
all winter and harvested in the spring, altho it is advisable to have 
a small quantity in storage for use during the winter. 


Storage of Vegetables 


There are many vegetables which can be stored profitably for 
use during the winter months, and there is less work and expense 
involved in storing than in canning or drying. It will assure a fresh 
supply of vegetables during the winter and will reduce the grocery 
bill. 


Root Crops.—Root crops that can be stored easily are potatoes, 
beets, carrots, parsnips, winter radishes, kohl rabi and rutabagas. 


In selecting roots for storage, discard (1) immature roots, (2) 
large overgrown specimens, (3) irregular and sprangly shaped roots, 
(4) eut and bruised roots. Select the medium-sized mature roots. 
In cutting the tops off, be careful that the cut is not close to the root. 
All root crops require about the same storage conditions and can be 
stored together. The storing should not be done until late fall, so 
that the vegetables have ceased to grow. Miniature roots will not 
keep well and the large specimens are apt to be tough and woody. 


There are four types of storage that may be used, depending on 
the quantity to be stored, namely: (1) Outdoor pit, (2) outside cel- 
lar, (3) house cellar, (4) commercial storage cellar. The outside pit 
cellar is a good one for the home gardener to use. 


1. Outdoor Pit—Take surface soil off to a depth of 6 to 8 
inches, in shape of rectangle. Place a thin layer of straw on inside 
edges of the excavation. The roots are then placed in a pyramidal 
form. The width of exeavation should be 4 to 6 feet and the leneth 
as long as is necessary for quantity to be stored. Cover piled vege- 
tables with straw 12 to 18 inches thick. Cover with 2 or 3 inches of 
soil at first, then 4 to 6 inches in proportion to the approach of cold 
weather. For ventilation, after first storing, make an opening at the 
base, and one at the top to permit circulation of air. When cold 
weather sets in, cover ventilators. This method is used for storing 
large quantities, where the grower wishes to keep them until spring. 
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A large barrel or heavy box may be placed in the ground in such 
a position as will make it convenient to get into during freezing 
weather. <A pit may be dug so that the barrel or box can be placed 
in a semi-horizontal position. The box ean be covered with a lid or 
the barrel with the barrel head. The container may be covered 
with straw and dirt in sufficient layers to protect the roots from 
freezing. This is a handy method of storing small quantities of root 
crops, and can be used in any small backyard garden. 


2. Outside Cellar.—Provide boxes of sufficient size to hold 
quantity of vegetables desired. In the bottom of the box place a 
layer of fine moist sand (not wet), 2 inches deep. Place a layer of 
vegetables and then another layer of sand about 1 inch deep. Con- 
tinue until the box is filled. Place box in a cool cellar. When the 
top layer of sand shows signs of drying out, sprinkle it with water 
to keep it moist. 


3. House Cellar.—Vegetables may be stored loose in bins in the 
cellar, when large quantities are stored. Air in the cellar must be 
kept moist, properly ventilated and the temperature right. Veg- 
etables may be stored in piles and covered with moist sand if there 
is sufficient room in the cellar and the temperature can be kept low. 


Celery Storage Trench Storage—Dig a trench about 1 foot 
wide and as deep as necessary so that the tops of the stalks are close 
to the surface of the ground. The plants should be pulled with most 
ot the root system left on, and set vertically and close together in 
the trench. The top of the trench can then be covered with straw 
or strawy manure. Some gardeners nail two 1-by-12-inch boards to- 
gether to form a trough and invert this over the trench. The roots 
of the plants in the trench should be set in moist soil so that there 
will be some growth made during the storage period. Store the 
celery that is free from disease. 


Cabbage Storage—Pit Storage.—The cabbage plant is pulled 
with the roots attached, and after removing a few of the outside 
leaves the head is placed down in the trench. The trench is about 
6 to 8 inches deep and wide enough for 3 or 4 heads and as long as 
necessary. On top of the first row of heads placed in the trench, 2 
more rows may be placed between the stems of the first row. A layer 
of straw is put over the cabbage and a layer of soil placed on top 
of the straw. More soil may be added as the winter weather be- 
comes more severe. Small quantities may be stored in a cool cellar. 
It is important that the temperature be kept low. 


Onion Storage.—1. Store only mature, well-cured, bulbs (very 
important). 
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2, Require plenty of ventilation, store in shallow boxes or 
erates not over 3 or 4 layers per crate. 

3. Temperature should be around 32 to 40 degrees F. High 

temperatures are undesirable. 

4. Air should be dry. 

Squash Storage.—Store well-matured individuals. Test matur- 
ity by hardness of the shell. When impossible to dent the shell with 
thumb nail, they should be all right for storage. They require warm 
temperature and dry air. Temperature 60 to 80 degrees F. The 
furnace room is a good place to store squash. 

Pumpkin Storage—Pumpkins require cool, medium-moist air, 
and rot easily if too warm or if the air is too moist. Temperature 
40 to 60 degrees F. Too dry air makes pumpkins shrivel. Do not 
pile in cellar; place on shelves, same as with squash. 
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HOG CHOLERA AND ALLIED DISEASES 


By GEO. H. GLOVER 


The purpose of this bulletin is to meet a demand for practi- 
cal information respecting hog cholera and allied diseases, 
their recognition, and first aid measures looking to their control. 


A characteristic feature of hog cholera is its periodic appear- 
ance, and just now it is spreading rapidly in many of the states. 
The classical hog cholera as a conception of former days is no 
longer seen and we now have to deal with several mixed infec- 
tions that either accompany cholera or follow closely in its wake. 
The losses from this disease are enormous, and this in face of 
well-established facts concerning its control by timely sanitary 
measures, quarantine and vaccination. 

Delayed diagnosis, or recognition of the disease, is no doubt 
responsible, more than any other one factor, for the repeated out- 
breaks and heavy losses. Hog cholera is the only common dis- 
ease among hogs in this country that spreads rapidly and is high- 
ly fatal. For this reason farmers and veterinarians should al- 
ways go on the assumption that every outbreak of disease among 
hogs that is spreading rapidly and has a deadly aspect, is cholera, 
and should immediately proceed on that assumption without 
waiting for a definite diagnosis based on characteristic symptoms 
and postmortem findings. 


Specific Cause 


The specific cause of hog cholera is a virus that will pass 
thru dense filters. This virus is the immediate or exciting cause 
of cholera. Indirect or predisposing causes are such things as 
neglect, exposure, parasites, unbalanced food ration and insani- 
tary conditions. In other words, such things increase their sus- 
ceptibility to cholera as it does to all other diseases. We cannot 
grow a crop of potatoes without planting potato seed, and no 
more can there be cholera in hogs without the implanting of the 
specific germs or virus in the body of the animal. However, the 
fact remains that no matter how thrifty hogs may be they are 
nevertheless highly susceptible to cholera. 


Cholera Dissemination 


The most common method of introducing hog cholera into 
a neighborhood is thru the importation of breeding or stock hogs 
that carry the infection. For all practical purposes it must be 
assumed that all stock cars and stockyards are infected. There 
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is no other way in which hogs are so sure to contract cholera as 
by actual contact. 

The next most common means of conveying the infection 
is running water, like rivers and irrigating ditches. This applies 
of course in a special way to conditions in Colorado. Hogs that 
have access to the upper reaches of an irrigation ditch endanger 
hogs down stream for many miles. 

No doubt new centers of infection result from garbage that 
contains pork rinds from infected hogs, and entrails from chick- 
ens shipped from cholera infested farms. 


Presumably cholera is also spread by birds, especially pig- 
eons and magpies, by the wheels of vehicles, on the feet of itin- 
erant hog buyers and inquisitive neighbors, and by animals al- 
lowed to run at large. 

Lastly, and perhaps the most serious aspect of hog cholera 
control, is the dissemination of the disease by the careless use of 
virus in vaccination. 


Symptoms 


The length of time between exposure and the appearance of 
the first symptoms is on the average 6 to 10 days. The symptoms 
will vary according to the type of the disease. Fever always goes 
in advance of outstanding symptoms and one should always be 
suspicious when hogs “go off feed” as indicated by trailing the 
herd when coming to the feed trough or remaining buried in their 
litter. The first symptoms usually noticed are loss of appetite 
and chills. Soon they manifest marked weakness in their hind 
quarters, the eyes become inflamed and there is gumming of the 
eyelids. First there is constipation followed in a day or two by 
diarrhea. Breathing is labored and usually there is a persistent 
cough: Reddening of the skin on the belly and inside of the 
thighs is usually seen. Unfortunately a positive diagnosis can- 
not always be made on living animals, and for this reason much 
valuable time may be lost. In peracute cholera, most often seen 
at the beginning of an outbreak, they sometimes die within a few 
hours without having had time to develop the characteristic 
symptoms or lesions. In chronic hog cholera, usually following 
the acute, there is a persistent cough, poor appetite, emaciation, 
diarrhea and indications of pneumonia. 


Mixed Infections 


Pure hog cholera probably never exists. What we know as 
hog cholera these days is a disease process caused by mixed in- 
fection. If it were pure cholera the losses would not be so great. 
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The disease in itself is not so very malignant but becomes ex- 
ceedingly fatal as a result of secondary inflammatory processes 
in the intestines and lungs. 

The intestinal complications seem to invariably follow in the 
wake of hog cholera. The microorganism responsible for this 
condition (Salmonella suipestifer) was at one time thought to 
be the specific cause of hog cholera, but it was later repeatedly 
demonstrated that the disease could be produced artificially by 
the filtrate of cholera blood. In other words, after the blood had 
been forced thru dense filters and the S. suipestifer with all other 
bacteria held back, the filtrate still contained an ultra visible 
virus that, when inoculated into hogs, would cause cholera. 


The suipestifer disease may appear independent of cholera, 
in which case it is known as swine dysentery, pig typhoid, para- 
typhoid, necrotic enteritis, etc. This will be treated later in the 
discussion on necrotic enteritis. 

The secondary inflammatory processes in cholera involving 
the lungs is usually a manifestation of swine plague which is the 
same thing as hemorrhagic septicemia. This pneumonia compli- 
cation is commonly seen in cholera, save in the peracute type 
(septicemic) when the animal dies before pneumonia has had 
time to develop. The almost constant appearance of these sec- 
ondary infections in cholera makes it seem probable that both 
the paratyphoid and swine plague organisms are normally pres- 
ent in the intestinal tract of hogs. They ordinarily do not cause 
disease but may do so when the resistance of the animal is low- 
ered by an attack of cholera, by exposure, improper feed, para- 
sites, cold or various infections. It seems that hog cholera lowers 
the resistance in a particular or unusual way that renders them 
especially susceptible to these secondary infections. 


Control Measures 


Prevention of hog cholera is the principal thing and many 
farmers have maintained healthy herds even when adjacent to 
cholera-infested farms. When cholera is threatening, watch 
your hogs, maintain a strict quarantine, keep people and animals 
away from them, and hogs brought to the farm should be kept 
in isolated quarters for at least 3 weeks. However, when cholera 
is threatening the security of your herd to this extent, vaccina- 
tion should not be delayed. 


When cholera is suspected in the herd, immediate action is 
imperative. Aside from the curative value of large doses of se- 
rum, under certain conditions, there is no known cure for hog 
cholera. Time is the essence of the contract in this instance. If 
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the herd is vaccinated on the day, or the day following the first 
appearance of the disease, most of them can be saved. If treat- 
ment is delayed a week or more there is the question as to wheth- 
er vaccination is worth while since most of them may be expected 
to die regardless of treatment. 


Naturally the first thing to do is to call a veterinarian and 
demand immediate action. If the diagnosis of hog cholera is 
affirmed, the office of State Veterinarian at Denver should be no- 
tified. Should you be in a remote district where veterinary ser- 
vice is not immediately available, communicate with the state 
veterinarian by telephone or telegraph. Failing to reach him get 
in touch with the United States Bureau of Animal Industry, Fed- 
eral Building, Denver. The veterinarians at the agricultural col- 
lege do not go into the field to vaccinate hogs but always stand 
ready to assist in every other possible way. 


Hogs from a cholera-infested herd should not be shipped to 
market. By the time they reach their destination some of them 
will be dead, others sick, and the salvage will be less than it 
would be if they were kept on the farm and immediately vacci- 
nated. Hog cholera can never be controlled until this practice 
is legally prohibited. The highways over which the diseased hogs 
are transported are very sure to become contaminated by the 
excreta containing the cholera-producing germs. 


Hogs that are not thrifty should not be vaccinated; the con- 
sequences of such a mistake are very sure to be unsatisfactory. 
In the vaccination of healthy herds, in cholera-infested districts, 
the double treatment (serum and virus) is recommended. The 
important thing in this connection is the amount of serum used. 


Economy in serum too often proves to be the height of ex- 
travagance. Larger doses of both serum and virus are given 
than formerly. 


In the vaccination of infected herds the procedure is differ- 
ent. The temperature of each hog is taken. Those that show a 
temperature around 104°F. should be given the serum. The 
assumption is that they will get sufficient virus by contact with 
sick animals to insure them a lasting immunity. Some contend 
that it is better to give the double treatment in this class of hogs 
in order to insure a uniform and lasting immunity. Hogs that 
have a temperature of 106-8°F. had better be destroyed, since 
there is no chance for their recovery, and they simply increase 
the menace of the herd. Those hogs that show only a slight fe- 
ver should be given ‘double doses of the serum alone with the 
hope of saving at least some of them. 
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Following vaccination, and the disposal of hopelessly infect- 
ed hogs, attention should be directed to cleaning and disinfecting 
the premises. It is far better to burn hogs that are slaughtered 
for cholera than to bury them. The carcasses are quickly con- 
sumed by a fairly hot flame. If they are buried they should be 
placed deep with several buckets of quicklime covering them. All 
litter and waste from the pens should be burned and if possible 
the ground in the hog lots should be plowed. To make the job 
of disinfection more thoro, the woodwork of the pens and hog 
houses might be whitewashed and quicklime used freely in the 
pens and yards. A 3 percent solution of compound cresol is a 
very reliable disinfectant for general use. The hogs that remain 
and have been vaccinated should then be provided with dry, clean 
and comfortable quarters. In well-known cholera districts vac- 
cination of all pigs at weaning time is a cheap insurance if prac- 
ticed consistently. 


Necrotic Enteritis 


Infectious necrotic enteritis probably causes a greater loss 
in the aggregate than does hog cholera. 

Pig typhoid, bacillary hog cholera, swine typhus, intestinal 
necrobacillosis, swine dysentery, paratyphoid and necrotic en- 
teritis are terms that probably relate to one and the same dis- 
ease. This disease which appears both associated with hog 
cholera and independently must not be confused with coccidiosis 
which is sometimes mentioned as infectious enteritis of swine. 

Pigs weighing from 30 to 50 pounds are most susceptible, 
and the quality and nature of the food seem to have very little 
influence upon the prevalence of the disease. The heavy losses 
that occasionally follow vaccination for cholera are largely due to 
necrotic enteritis. 

It seems to have been demonstrated beyond a reasonable 
doubt that the specific microorganism, S. suipestifer, is the caus- 
ative factor in infectious necrotic enteritis of swine. It occurs 
mostly as either an acute or chronic affection. 

In the acute form (septicemia) there is a high temperature, 
inappetence, arched back, “blue belly” and diarrhea. This type 
is very fatal. In the chronic type, which is most common, the 
animals first appear dull, are less active, and have a diminished 
appetite, altho this may not be noticed by the caretaker. Diges- 
tive disorders soon appear, manifested by a persistent diarrhea. 
They appear unthrifty, stand around with their heads down, the 
hind quarters weave from side to side from weakness, and they 
finally die from emaciation and exhaustion, or a few may, after 
hanging on a long time, make a questionable recovery. 
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Control Measures.—All curative measures have been very 
discouraging. The acute cases are especially hopeless because 
they do not live long enough to respond to treatment. In chronic 
cases, those that appear hopelessly diseased should be destroyed. 
The diet should be regulated and concentrated food withheld. A 
liquid or slop diet of ground oats, barley or shorts, is preferable. 
This had better be made alkaline by adding caustic soda or lye in 
the strength of 1 pound to 20 gallons. In this case, as in all cases 
of infections among animals, the sick ones should not be removed 
from the well ones, but on the contrary, the well ones should be 
taken away from the sick ones and placed in new, clean quarters. 
In the summer time it is best to place them in an alfalfa pasture 
where there is shade and an abundance of fresh water. 


This disease is not highly infectious like hog cholera and can 
usually be controlled by the comparatively simple methods sug- 
gested. The virus appears to die quickly when not replenished 
by the presence of diseased animals. Never vaccinate for cholera 
when there is any indication of necrotic enteritis in the herd. 


Swine Plague 


Swine plague and hemorrhagic septicemia of swine are syn- 
onymous terms. Swine plague occurs both as an independent dis- 
ease, and in association with other disease, especially hog cholera. 
Unlike cholera it does not spread rapidly from hog to hog or from 
farm to farm. It is caused by a specific germ, Pasteurella suisep- 
ticus, (Bacillus suisepticus) which is a variant in a group of or- 
ganisms that cause chicken cholera, snuffles in rabbits, tularemia 
in man, bubonic plague in man, hemorrhagic septicemia in cattle, 
horses and other animals. As an independent disease in hogs it 
is not of the highest importance, but as a secondary infection in 
hog cholera, it contributes a disease process of the lungs which 
renders hog cholera the most fatal of all diseases of swine. The 
spread of pure swine plague is slow and in this respect is not to 
be compared with cholera. Swine plague bacilli are commonly 
found in the intestinal tract of healthy hogs. It is now believed 
that these normally harmless organisms may become pathogenic 
under certain conditions of lowered resistance. Possibly the pres- 
ence of hog-cholera infection lowers the resistance in a particular 
and direct way. Again we are confronted with the proposition 
that an ample food ration, well balanced, combined with good 
care, is the best kind of insurance against disease. 


In the San Luis Valley it has been noted that many cases of 
Swine plague follow exposure during cold, rainy weather in the 
fall. 
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Medicinal treatment, according to our present knowledge, is 
without effect, save that highly potent serum will favorably in- 
fluence the disease. Prevention is of vastly more importance 
than treatment. Animals not showing indications of the disease 
should be immediately removed to clean quarters. The stable, 
pens and feeding trough should be disinfected. These measures 
seem justifiable even tho the danger of infection is not great. 


Biologics when appropriately used may be useful as a control 
measure. Among these, aside from the specific serum, may be 
mentioned the mixed infection bacterin, and hemorrhagic septi- 
cemia aggressin.’ The use of biologics should always be left to 
the judgment of the veterinarian. 


A distinct form of chronic pneumonia affecting very young 
pigs has sometimes been spoken of as a form of chronic swine 
plague. This disease has also been called enzootic pneumonia of 
pigs, pig disease, pig cough and cement disease. There is very 
little support for the view that the acute swine plague has chang- 
ed into a chronic catarrhal pneumonia. The specific cause of pig 
pneumonia has yet to be determined. Frequently in a litter one 
pig after another, only a few days old, will begin to cough with a 
thumping respiration, and finally die. The incidence of this dis- 
ease appears to be the association of untoward conditions such 
as cold and damp pens, unsuitable feeding of the mother, lack of 
sunshine and possibly inbreeding. 


Hog “Flu” 


Hog flu, or perhaps more appropriately, infectious bron- 
chitis of swine, considered from a purely economic standpoint, 
does not belong in the same category with hog cholera and infec- 
tious necrotic enteritis. It derived its name “hog flu” by reason 
of the fact that it was first recognized in the fall of 1918 when 
human influenza was sweeping the country and the symptoms 
were so much alike as to attract attention. 


The onset is sudden and the symptoms are severe. In 1 or 
2 days the entire herd may be affected. The most characteristic 
symptoms are loss of appetite and cough. They have high fever 
and difficult respiration. They are usually sick about 1 week 
and then make rapid and uneventful recovery. They lose consid- 
erable weight and this is really the most serious aspect of the 
disease. 


In some instances the disease is complicated with pneumonia 
and a fatal termination may be expected. The total loss rarely 
exceeds 1 to 3 percent. 
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There appears to be no immunity acquired from having the 
disease, which precludes the possibility of protecting herds by 
vaccination. A specific treatment has not been found, and no 
treatment seems to be indicated, further than providing dry, 
comfortable quarters and reducing the ration. 


SSS SS 
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BOT Oe VARIETIES 


BY C. H. METZGER 


The present-day potato market is not the same as 30 years 
ago or even 5 years ago. The consuming public has learned that 
a potato is not just a potato but that there is a marked difference 
in quality between different lots. Consumers have changed 
their methods of living, larger numbers living in apartment 
houses, and there is more hurry and less patience with anything 
that requires an abnormal amount of time. This present-day 
market demands “QUALITY.” 

Production Tendencies.—Certain changes have taken place 
in the production of potatoes, keeping pace with the changing 
market demands. Variety standardization has eliminated infer- 
ior varieties and reduced the number of varieties of commercial 
importance in the state to eight. The producer who made a 
practice of growing all the varieties he could find has practically 
disappeared and all progressive growers are now specializing on 
one or two varieties. This standardization program has _ not 
only reached the individual grower but has also affected the dif- 
ferent producing sections of the state, each section specializing 
on two or three of the standard varieties. With these things 
accomplished, attention is now being centered on the individual 
varieties and all efforts concentrated on the improvement of 
QUALITY and YIELD and on lowering the cost of production. 
An active production campaign is being carried on in the state, 
the slogan of which is “More U. S. No. 1 Potatoes per Acre.” 
This campaign is being furthered thru the medium of county 
potato-king contests, the state 600-bushel club and potato shows. 
Better seed, seed treatment, larger seed piece, more seed per 
acre, and crop rotation are all playing their part in producing 
higher yields of better quality. A high-quality product demands 
an attractive package, so even-weight, branded bags of all sizes, 
120, 100, 25 and 15 pounds, are being used and crates of 50- 
pound capacity as well as 15-pound cartons are taking care of 
extra-quality even-sized lots. 


ACKNOWLEDGMENTS.—The specimens from which the cuts are made 
were obtained thru the courtesy of the exhibitors and management of the San 
Luis Valley Seed Show at Alamosa and the State Seed Show at Colorado Springs. 

The terms used and some suggestions were obtained from the Proceedings of 
the Potato Association of America and Professor William Stuart’s book, ‘The 
Potato.”’ 

The photographs, with the exception of the cover plate, and Figures 9 and 12, 


were made by Grant C. Eddy, college photographer. 
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Quality Defined.—The potato show or potato exhibit is based 
on this idea of QUALITY. The term “quality,” based on the in- 
terpretation of the U. S. grades or on a scorecard, includes sev- 
eral subdivisions or factors which determine the quality of a 
given lot or sample of potatoes. These include trueness to TYPE, 
freedom from disease, freedom from mechanical or insect in- 
jury, uniformity, most desirable size, general appearance and 
from the market standpoint, the amount of waste in preparing 
for the table. All these factors are self-explanatory and gener- 
ally understood by those interested in potatoes from the market 
er show standpoint except varietal type. 


Type Defined.—There has been some confusion and a lack 
of standardized ideas over the state as to what constitutes true- 
ness to type in a given variety. It is the purpose, then, of the 
following discussion, to present the ideal type of each of the 
leading commercial varieties of potatoes for the benefit of grow- 
ers who select seed or show samples and students of potatoes 
who are interested in judging. 

The first question which naturally arises is: What is 
meant by varietal type? Varietal type refers to the shape or 
form of the tuber, to the color and texture of the skin and to the 
location, number and depth of eyes. All of these things are 
more or less variable and depend upon certain inherent and en- 
vironmental factors. The variety is, of course, the greatest de- 
termining factor of type and type is fairly constant within the 
variety but is influenced, modified and changed by a number of 
different factors. 


Effect of Disease.—One of the most important of these fac- 
tors is disease, particularly the degeneration or virus diseases, 
which cause what is known as “running out.” Spindle 
tuber probably has a more pronounced effect on type than any 
other .disease. Tubers from spindle-tuber-infected hills are 
generally more or less lengthened along the longitudinal axis, 
spindle shaped and cylindrical, the eyes are more numerous and 
smaller and the eyebrows are more pronounced than in normal 
tubers. A change in color may also occur as a result of spindle- 
tuber infection. This has been observed particularly in the Tri- 
umph and Peachblow varieties, infected tubers being lighter in 
color than normal tubers or blotched light and dark. 

A comparatively new disease known as giant hill also has 
a marked influence on tuber shape. ‘“Tubers are generally elon- 
gated and thickened, pointed at one or both ends, frequently 
constricted at some point on the longer axis and provided with 
numerous eyes which are either flush with the surface or some- 
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what protuberant.” Giant hill is closely related to spindle tuber 
or may merely be a phase of it. 


Mosaic and leaf-roll-infected plants often produce abnorm- 
ally smooth, perfectly formed tubers under our conditions so 
growers should beware of these and select eyes normal for the 
variety and not extremely shallow-eyed specimens. The para- 
sitic diseases may also, at times, exert an influence on the type 
of the tubers. A pointed or wedge-shaped stem end is some- 
times associated with fusarium. Rhizoctonia may cause knob- 
byness or misshapen tubers because of crowding in the hill. 


Effect of Environmental Factors.—Various environmental 
factors may also affect the type of the tubers. The first of these 
is soil. In order that a tuber may assume its normal shape it 
must be grown in a mellow, well-prepared soil, free from rocks 
and clods, well drained and containing abundant fertility. Well- 
shaped tubers cannot be grown on a soil which is tight, not plow- 
ed deeply enough, not pulverized finely enough or is not fertile 
enough. Soil may not only influence the shape of the tuber but 
may also affect the texture of the skin. On some soils, russeted 
varieties have a very light netting and in other cases smooth- 
skinned varieties are produced with a roughened lightly netted 
skin. In poorly drained soils poor-shaped tubers with large rus- 
seted dots on the skin are produced. Much better-shaped tubers 
are produced on light than very heavy soils. 


A second environmental factor is moisture. The plants 
must constantly have enough moisture to keep them in vigorous 
growing condition. An irregular moisture supply causes rough, 
irregular and knobby tubers. An excess of moisture encourages 
disease and causes some varities to growth crack. 


The third environmental factor is temperature. The potato 
is a cool-season plant and develops perfectly only at relatively 
low temperatures. In Nebraska it was found that high soil tem- 
peratures had the same effect on tuber shape as the spindle- 
tuber disease. 


Selection has considerable influence on type and on the 
elimination of diseases. 

Even tho tubers have been produced under the optimum of 
all the above-mentioned conditions, considerable variation is still 
found in the length, width, thickness, smoothness and position 
and depth of the eyes in individual tubers. For this reason it 
has been necessary to arbitrarily select the ideal type. Symmetry 
and the proper degree of smoothness have also had a very im- 
portant bearing in the selection of the ideal type. 
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Irish Cobbler 


The Irish Cobbler is an early variety generally grown thru- 
out North America. In Colorado it is grown commercially, as an 
early crop, in the Fruita district in Mesa County, the Fort Mor- 
gan-Brush district in Morgan county and to some extent in the 
Greeley district in Weld County. Certified seed of this variety 


Figure 1.—Ideal types of Irish Cobbler. 


. pei . e : me 
Figure 2.—Apical, basal side view and cross-sections of excellent Irish Cobblers. 
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is produced, without irrigation, in several other counties at 
elevations ranging from 6000 to 9300 feet. 

The tubers tend to be more or less irregular in shape which 
makes it somewhat difficult to get a perfectly uniform sample. 


Description.—Shape—Roundish 
Apical end rounded 
Basal end rounded, distinctly depress- 
ed, often notched and shouldered. 

Skin—On some soils the skin is light, creamy- 
white and perfectly smooth. On 
other soils it is creamy yellow and 
lightly netted. 

Eyes—Medium in number, mostly at the api- 
cal (bud) end, varying from shallow 
to rather deep, particularly in the 
bud-eye cluster which is set slightly 
on the side. (Fig. 1B) 


The tubers should be short, as thick as possible, and round 
in outline. This ideal is illustrated in Figures 1 and 2. The bud- 
eye cluster should be slightly toward the top as shown in tuber 
B, Figure 1. The eyes in this tuber, however, are too shallow. 
More desirable eyes are shown in tuber A, Figure 1, and A, Fig- 
ure 2. Note the thickness of C and the cross-sections in Figure 2. 

Common faults found in Cobblers are lack of thickness, too 
much length, and too deep or too shallow eyes. 

Measurements of a perfect type, 6-ounce Irish Cobbler: 


TU ES ae ae ents ree hn | 234, inches 
Width __ pede ne eg ose Dae eaves inenes 
Thickness . : Boece uinenes 
Longitudinal circumference _____~ 814 inches 
Transverse circumference _______ 9 inches 


Bliss Triumph 


This is also an early variety grown commercially for the 
very early crop in the southern states. It is also grown for seed 
in a number of northern states. In Colorado it is used for the 
early crop in the Greeley district, San Luis Valley, Montrose 
section and more recently around Rifle. It is also the most suc- 
cessful variety in most of the non-irrigated sections. The heav- 
iest production of certified seed in the state, during the past 3 
years, has been of this variety. The certified seed has been 
grown in dryland sections in the northeastern and northwestern 
corners of the state and in non-irrigated sections of high alti- 
tude. It is a very desirable variety for the home garden. 
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Figure 3.—Ideal types of Bliss Triumphs. 


Description.—Shape—Cubical, rounded, 
Apical end blunt 
Basal end blunt, depressed. 
Skin—On some soils, smooth and red or ma- 
genta colored; on other soils, lightly 
netted and somewhat paler in color. 
Eyes—Medium in number, rather shallow; 
bud-eye cluster generally more or 
less depressed and set squarely on 
the end. 


The tubers should be as near a cube as it is possible to get 
them, short, thick and blunt on both ends. Figures 3 and 4 il- 
lustrate the ideal type. In Figure 3, note the shallower eyes and 
netted skin of A, caused by a sandy alkaline soil, and the perfect 
type of B. Note the thickness of the tubers in Figure 4. 

Shallow tubers, pointed ends, too much length and displace- 
ment of the bud-eye cluster from the center of the apical end 
are common faults found in Triumphs. 


Figure 4.—Ideal types of Bliss Triumph, showing thickness and position of 
bud-eye cluster. 
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Measurements of a perfect type, 5-ounce Bliss Triumph: 


Penigth es 2. id Ae Sie _23% inches 
SUED aa Sek ee eae ee 21% inches 
ee re meee ee et oe ee 214, inches 
Longitudinal cireumference____7 11-16 inches 
Transverse circumference ______-_ 7%, inches 


This is also an early 
variety, popular in 
home gardens’ and 
grown commercially in 
the Red River Valley 
of Minnesota. In Col- 
orado, both the mar- 
ket and certified seed 
crops are grown in El 
Paso County. It is 
also grown in gardens 
in other parts of the 
state. 


Early Ohio 


Figure 5.—Ideal type of Early Ohio. 


Description.—Shape—Round, oblong to cylindrical 


Apical end blunt 
Basal end blunt and only slightly de- 
pressed 


Skin—Flesh or light pink slightly deeper 
around the eyes and at the apical 
end. Hither slightly netted or 
smooth, depending on soil. Some 
strains are paler colored than others 
and may be nearly white except for 
eyes which are pink. Surface dotted 
with small corky, raised dots (lenti- 
cles) more conspicuous when grown 
on some soils. 


Eyes—Numerous, rather shallow but strong, 
bud-eye cluster square on the end or 
very slightly to the top, not much 
depressed, nearly flush with the 
surface. 
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Figure 6.—Apical, basal side and cross-sections of Early Ohio tubers. 


Thickness is also desired in this variety. Note tuber C and 
the cross-sections in Figure 6. The tubers should also be quite 
short as in Figure 5 and rounded but full on the ends. Figure 5 
may be criticised for being a little rough at the basal (stem) 
end. The apical end however, is good compared to A and B in 
Figure 6. Note the tubers are slightly pointed which is unde- 
sirable. 

Common faults in Ohios are pointed ends, flat tubers, too 
much length and too deep eyes. 

Measurements of a perfect type, 9-ounce Early Ohio: 


Dene th 22a aoe Ae eet eres 347, inches 
Width: = 5 5 es eae ee 2 7-16 inches 
Thicknes¢ «2m 2 eee eens 2 3-16 inches 
Longitudinal circumference ___10 9-16 inches 
Transverse circumference _____ 8'g inches 


Russet Burbank 


The Russet Burbank is grown in a few western states, Wash- 
ington, Idaho, Montana and Utah, where it is most generally 
known as the ‘‘Netted Gem.” In Colorado it is grown both for 
market and for certified seed in the Carbondale district, the 
EKagle Valley and mostly on the heavier river-bottom soils in the 
San Luis Valley. It is late in maturing and is considered one of 
She highest quality varieties grown. 
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Figure 7.—Ideal types of Russet Burbank. 


Description.—Shape—Cylindrical to oblong, rounded, in- 
clined to be somewhat spindle 
shaped. 

Apical end—runded but full 
Basal end—rounded, full, but very 
slightly depressed. The depression 
is often almost entirely absent. 
Skin—Heavy russeted or heavily netted. The 
degree of russeting depends on the 
soil and the altitude at which grown. 
Heavy netting is most desirable. 
The color is more pronouncedly in- 
fluenced by soil color than any other 
variety. In very sandy soils the col- 
or is bright golden. Other heavier 
and variously colored soils transmit 
their color in a greater or lesser de- 
gree to the tubers. A few farms 
around Gypsum and _ Carbondale 
have brilliant red soils which adhere 
to the tubers producing the famous 


12 COLORADO EXPERIMENT STATION Bul. No. 359 


“Red Soil Burbanks.’’ Chocolate 
and black soils have a similar effect. 
In Idaho the volcanic ash soils give 
the tubers a grayish cast. 
Eyes—Numerous, evenly distributed, shallow 
but indicating strength. Too shal- 
low indicates weakness. The bud- 
eye cluster is shallow but not flush 
or protuding and is located slightly 
toward the top-side of the tuber. 
Tuber B, Figure 7, shows an ideal type Russet Burbank, 
tuber A being slightly too spindle shaped. In Figure 8, tuber A 
is shghtly pointed, B is a side view of a perfect tuber; note the 
thickness and perfect eyes in this specimen and the thickness 
in the cross-sections. The broader tubers are more apt to be a 
little flatter. 
Common faults of this variety are: Pointed ends, too deep 
or too shallow eyes, not heavily netted and too much length. 
Measurements of a perfect type, 9-ounce Russet Burbank: 


Lengths 2a. 5) ole nee 43), inches 
Wid Chics oe ee ee 23/8 inches 
Thickness to.) s ue ee 1 15-16 inches 
Longitudinal circumference __11%% inches 
Transverse circumference ___ 7 11-16 inches 


Figure 8.—Apical, side and cross-sections of excellent Russet Burbank tubers. 
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Figure 9.—Top and side view of the same Brown Beauty tuber. 


Brown Beauty 


This variety is the chief one grown in the San Luis Valley 
of Colorado, where it seems peculiarly adapted to the conditions. 
Attempts to grow it outside the valley have met mostly with 
failure except in a few cases during the last 2 or 3 years where 
certified seed was used. The variety sets very heavy, and con- 
sequently requires abundant moisture and fertility to make the 
tubers of marketable size. The American record was broken in 
1929 by L. G. Schutte of Monte Vista, with 1145.17 bushels of 
Brown Beauties on a measured acre. 


Description.—Shape—Oval rounded to slightly flattened. 
Apical end rounded but full, smooth 
Basal end rounded but full, only 
slightly depressed, very smooth. 

Skin—Creamy yellow to buff, when first dug 
tinged with pink in eye depressions, 
which tends to fade out on exposure 
to light or after a period in storage. 
Glossy and smooth on some soils but 
generally dull and lightly netted or 
flaked. 

Eyes—Medium in number, often shallow or 
fleet, preferably medium in depth 
with a long eyebrow. Bud-eye clus- 
ter medium deep and situated slight- 
ly toward the top side of the tuber. 
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Figure 10.—Apical, basal, side and cross-sections of good Brown Beauty specimens. 


Note the thickness, depth of eyes and oval shape of the tub- 
er in Figure 9. Even thicker tubers with deeper eyes have given 
excellent results but the symmetry in this type tuber is lost. 
Figure 10 shows extremely smooth, symmetrical tubers but still 
having a fair degree of thickness. 

Common faults in Brown Beauties are extreme flatness, 
extreme smoothness, too much length and pointed ends. 

There are also several off-types which occur in Brown Beau- 
ty stocks. Blue-blossomed individuals should be rogued from 
the field. Giant hills or “bastards” are also too common in some 
stocks. Two white-eyed types also occur. One is very smooth 
and round and generally small, as high as fifty of this type oc- 
curring in the same hill. The other is large and generally rough. 
The small round tubers occur on a _ spinach-leaf plant. The 
leaves are shorter and wider than normal; in other words heart- 
shaped instead of long, narrow and sharply pointed. 

Bin selection of seed, as commonly practiced, will never rid 
stocks of these evils. 


Measurements of a perfect type, 6-ounce Brown Beauty: 


Length 2222-2 aa _-3 15-16 inches 
Wadth (= eee eae inches 
Thickness.2225 25 22. = eee eGo Ommeiire nes 
Longitudinal circumference ___83/,. inches 


Transverse circumference _____ T/A, inches 
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Peachblow 


The full and proper name for 
this variety is ‘Perfect Peach- 
blow,” sometimes erroneously 
called Red McClure, and should 
not be confused with other num- 
bers of this group grown in 
southern and eastern states. 
Like the Brown Beauty it is 
grown on a cominercial scale, ex- 
clusively in Colorado. It ranks 
next to the Brown Beauty in the 
San Luis Valley but is becoming 
more popular and threatens to 
surpass the Brown Beauty. It is 
also elie to a more limited ex- Figure 11.—Excellent type of the 
tent in the higher mountain sec- perfect Peachblow. 
tions particularly around Car- 
bondale. 

Description.—Shape—Roundish, rounded almost spherical 

Apical end rounded 
Basal end rounded with a very shal. 
low depression. 

Skin—Red or magenta around eyes grading 
to light pink on a yellow background. 
On some soils, and in some strains, 
the yellow and light pink are not as 
perceptible as on others. On some 
soils the skin is smooth and shiny 
and on others, smooth and dull, but 
it is generally lightly netted or 
heavily flaked. 

Eyes—Few in number, four outside the bud- 
eye cluster in perfect specimens. 
Shallow, located mostly at apical 
end. Bud-eye cluster, medium in 
depth. 


Figure 11 shows the round outline of the ideal type. Note 
the light netting of the skin. The bud-eye cluster is a little 
shallow in this specimen and it does not show the strength 
shown by the specimen in Figure 12. A side view and top view 
of the same tuber are shown in Figure 12. Note the thickness 
of this individual and how this thickness is carried thruout the 
length of the tuber from apical end to basal end. The eyes are 
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Figure 12.—Side and top view of the same perfect Peachblow tuber. 


stronger and more desirable from a seed standpoint than those 
in Figure 11. Also, note the flaking of the skin contrasted with 
the netting of the specimen in Figure 11. The distortion of the 
top view is caused by the angle from which the photo is taken. 
A better view of the same individual is shown on the cover of 
this publication. 

Common faults of Peachblows are flatness, too much length, 
pointed ends, oval shape instead of round and splashes of color, 
known by growers as “zebras,” instead of the even blending of 
colors. 

The same off-types occur as are found in the Brown Beauty. 
The high percentage of virus or degeneration diseases has result- 
ed from continued bin selection. Giant hill, mosaic, spindle tuber 
and leaf-roll are much too common in both these varieties. The 
Peachblow is also the most susceptible to blackleg. 

Measurements of a perfect type, 6-ounce Peachblow: 


Length! 22-2 eee 25/, inches 
Width: 2555420370 ee ee 25, inches 
Thickness: 222253 22 se ee 21% inches 
Longitudinal circumference ______ 814, inches 


Transverse circumference _______ 814, inches 


Rural 
Members of the Rural group of potatoes probably lead all 
others in commercial production in the United States. A large 
part of the crop in New York, Michigan, Wisconsin, Minnesota, 
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Pennsylvania, Ohio and Iowa consists of varieties in this group. 
In Colorado two members of the group are grown: Rural New 
Yorker No. 2, and Russet Rural. These are the major varieties 
in the Greeley district and the smooth type is the most impor- 
tant in the Bostwick Park section of Montrose County. They 
are the latest maturing varieties grown in the state. 


Description.—Shape—Short, oblong, somewhat flattened. 
Apical end blunt. 
Basal end blunt, slightly notched. 

Skin—Creamy white, sometimes having a 
buff sheen, glossy or sometimes 
lightly netted in the Rural New 
Yorker No. 2. Dark russet in the 
Russet Rural. 

Eyes—Medium in number, shallow. Bud-eye 
cluster strong and slightly depress- 
ed, situated very nearly on the end 
slightly toward the top side. 


Tuber A in Figure 13 is an excellent specimen but is a trifle 
too long. It is of the type commonly picked for show purposes 
but a shorter specimen is more desirable. Tuber B is of a round- 
er type and has the desired shortness but blockier ends are a 
little more desirable. Figure 14 shows three views (side, apical 
end, basal end) and cross-sections of the same perfect individual. 

Show samples of this variety have had fewer faults than the 
others: The most common fault being too much length. In the 


Figure 13.—Two good specimens of the Rural New Yorker No. 2. 
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Figure 14.—Side, apical end and basal end of the same Rural New Yorker No. 
2 tuber. 


field, the most common defect is pointed ends and deep eyes re- 
sulting from spindle-tuber infection. 

The tubers of this variety are sometimes confused with 
those of the Brown Beauty. The Brown Beauty has a faint pink 
coloration around the eye while the Rural has no color around 
the eye, but has purple leaf scales and tips on the sprouts. 
This color is not generally evident, however, until late in the 
storage period when sprouting starts. 

Measurements of a perfect type, 9-ounce Rural: 


Teng th wee Sele eee 33/4, inches 
Wid th eee. 02 ae Soe eee 31-16 inches 
INNTCKNESS S224" =e = bee eel Ve inches 
Longitudinal circumference __ 9 15-16 inches 
- Transverse circumference ____ 854 inches 


Peoples Russet 


This is a medium late-maturing variety belonging to the 
Pearl group. It is grown in a few localities on a limited scale, 
chiefly on heavy river-bottom soils in Montrose and Delta coun- 
ties and around Rifle in Garfield County. The Peerless or Pearl, 
identical with Peoples Russet except that it has a smooth skin, 
was the pioneer variety in practically all of our commercial pro- 
ducing sections, but it is almost impossible to find a commercial 
field of this variety at the present time. In the Greeley section 
it has been replaced by the Rural and in the San Luis Valley by 
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the Brown Beauty and Peachblow. The Blue Victor, also iden- 
tical except that it has a blue skin sometimes splashed with 
white, is still grown in a few isolated sections, but is unmarket- 
able and is used only for home consumption and local demand. 
Mosaic has been the primary cause for the downfall of this 
group. 


Description.—Shape—Short, heart-shaped, flattened. 
Apical end rounded 
Basal end blunt, depressed in Peoples, 
more or less deeply notched and 
shouldered in Pearl and Blue Victor. 


Skin—Dark russet brown, netted. If dug be- 
fore mature the brown pigmentation 
in the skin is present and the netting 
is absent. Occasionally white 
sploches occur. When one of these 
occurs over an eye, that eye gives 
rise to white tubers. White tubers 
and russet tubers sometimes occur 
in the same hill. The Pearl is dull 
white. When freshly dug it has a 
faint pink tinge in the eye depres- 

: sions, fainter than in Brown Beauty, 
which also tends to fade as in Brown 
Beauty. The skin is sometimes 
lightly netted or flaked. The Blue 


Figure 15.—A. Good type Peoples Russet. B. Good type Peerless or Pearl. 
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Figure 16.—Different views and cross-sections of the Pearl group. 


Victor, as the name implies, has a 
deep blue color which is confined to 
the skin and does not extend into the 
flesh. 


Eyes—Medium in number, shallow. The 
bud-eye cluster is quite shallow but 
should show strength. It is placed 
almost squarely on the end slightly 
toward the top. 


The ideal type Peoples Russet is shown in Tuber A, Figure 
15. Tuber B is an excellent type Pearl. Note the difference in 
the netting. The Pearl is sometimes flaked instead of netted. 
A and B in Figure 16 show the apical and basal ends of an excel- 
lent type Blue Victor. C is the apical end of an excellent Peoples 
Russet. Notice the strong sprouts. D is a cross-section of a 
Blue Victor and E is a cross-section of a Peoples Russet. 

Common faults of the Peoples Russet are: Extreme length, 
oblong shape instead of short heart shape, deep eyes with heavy 
eyebrows and pointed ends. 


Measurement of a perfect type, 8-ounce Peoples Russet: 
Soe SD OO RS eee Oe 3 3-16 inches 
- 2-22 2350l-16inches 
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Thickness —_- = _.21% inches 
Longitudinal circumference ___-914, inches 
Transverse circumference ______ Mi] inches 


It is not to be inferred from the foregoing discussion of 
type that it is a reliable index of the quality of seed or that it 
should serve as the sole basis for seed selection, as the best-type 
tubers often come from the lowest-yielding hills. This discus- 
sion is merely to serve as a guide in the selection of show sam- 
ples and to establish an ideal toward which to work in a hill- 
selection program or tuber-unit seedplot program. These and 
other methods of potato improvement and maintenance are dis- 
cussed in another publication by this station. 


Picking the Show Sample 


The best time to pick the show sample is when the crop is 
being dug. The digger should be followed and the good-type 
specimens picked up, always being careful in handling them that 
they do not become cut or bruised. The great tendency is not 
to pick enough from which to select a sample—1200 or 1500 
pounds are none too many in this day of keen competition. These 
should be stored in boxes in a cool, dark place until such time as 
the sample can be picked out. They should then be laid out and 
matched, making the sample as nearly uniform in size and shape 
as possible. Always pick the number required by the show (40 or 
32) and several alternates. The discarded ones may be very 
advantageously used in a tuber-unit seedplot the next season. 
The tubers of the sample should then be individually wrapped 
in paper, placed in a box and stored in a cool, dry, dark place 
until the show. The tubers must never be washed but may be 
cleaned and brightened with a small hand brush. 


Judging 


The judging of the samples is based on certain definite 
standards which are slightly different for market and seed 
classes. The placing of the samples is based on QUALITY and 
the quality of a sample is made up of several factors. It is ex- 
tremely difficult to arbitrarily assign a certain weight to each 
of these factors even tho these weights determine the placings. 
A scorecard names these factors and assigns to each a certain 
definite weight which is a measure of their relative importance. 
An experienced judge seldom uses a scorecard as it is very diffi- 
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cult to make one which will fit all the conditions which may be 
met in actual practice. The following scorecards will give an 
idea of the points considered, and in general the relative im- 
portance of each. The size of tuber and number of tubers re- 
quired are generally specifically stated in the premium list. Ex- 
hibitors should always make a careful study of this list and of 
the rules of the show. 


SCORECARD FOR SEED CLASSES 


i. Freedom from disease 2222 === seu 
Pr. CL TUCHICSS 1TO-CY Dee ee ee ere ee 25 
3. Freedom from mechanical or 
INSeCti IniUr yee Seer a OG 
4. Uniformity = ara se eee et) 
DigebECLNISIlS ee ete eee te ae <2 10 
G6. peed size. (5S) 10S OUNCES) =] 22. ae 10 
100 


All these terms are self-explanatory and easily understood 
except finish, which may seem to be a repetition of numbers one 
and three. However, when properly interpreted, such is not the 
case. Some soils turn out tubers with a much better finish than 
others, which adds to the general appearance. Maturity also 
generally adds greatly to appearance. It is these points and not 
loss in general appearance caused by disease or injury which are 
included under this head. 


SCORECARD FOR MARKET CLASSES 


Amount of waste in preparing for the table 
(type, disease and injury are included) 50 


General appearance ___ e eee 
Uniformity 22 pe eae at ye, Acetate a | 
Market size (9 to 12 ounces 22s ee eee 10 

100 


In this case general appearance includes not only maturity 
and finish but also disease injury and type as it is considered 
from the housewife’s standpoint. 

Disqualifications: There are only a few disqualifications in 
judging potatoes: 

1. Washed tubers 

2. A mixture of varieties in the sample 
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3. A sample in the wrong class as Peachblow in a Triumph 
class or Rural in a Brown Beauty class 
4. Any number of tubers other than that stated in the 
premium list. 


All other defects are duly considered and if bad enough may 
throw a sample out of the money, but do not disqualify it. 

Remember that a large part of the marketing problem can 
be solved in the production phase. There is always a demand 
for an assured supply of a superior-quality product. Good qual- 
ity and high yields prevent losses in those years when prices are 
low and assure greater profit in good price years. 


Make “More U.S. No. 1 Potatoes per Acre” your goal. 
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PASTURES FOR SPRING AND 
FALL GRAZING 


IN MOUNTAINS OF COLORADO 
By HERBERT C. HANSON 


One of the chief difficulties facing many stockmen is that of 
providing grazing land between the time that livestock must be taken 
off the hay meadows and before it is permitted to enter the national 
forests. This period varies from 1 to about 3 months. Providing 
range for fall grazing is usually a less serious problem. The opening 
of the grazing season on the national forests varies in different parts 
of the state from about May 15 to about July 1 and the closing dates 
from about October 1 to November 1. 

If pasture land could be provided for early spring grazing there 
would be less temptation to use the hay meadows so late that the 
meadows are injured and less spring feeding might be needed (Fig. 
1). There would be less loss from poisonous plants and unsuitable 
feed because fewer head of stock would have to be turned out on the 
range before the forage plants had developed sufficiently. Stock 


Fig. 1—Pasture consisting chiefly of smooth brome grass and yellow sweet 
clover on Table Mountain Ranch, near Virginia Dale, 7,000 feet. Planted in spring 
of 1925, photograph taken July 19, 1928. 
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could be maintained in better condition at less expense and because 
of this there would be higher calf and lamb crops. 

Experimental plantings have been conducted during the past 
three seasons in, order to determine if early spring pasture could be 
developed that might also be used in the fall. Altho the investiga- 
tions have not been completed, a number of important facts have 
been learned that help to answer this question. Additional plantings 
and observations over a longer period of time are necessary, however, 
before final recommendations can be made. On account of the im- 
portance of this problem, of supplying early spring grazing to fill 
in the gap, it was decided to make the facts that have been found 
available to all who could benefit from them and to make preliminary 
recommendations. 

The establishment of a pasture for early spring grazing is de- 
pendent chiefly upon the leeation of the area, preparation of soil for 
planting, seeding methods, kinds of plants and later treatment. If 
some irrigation water is available, especially during the first season, 
the chances of success are much greater but in most cases only the 
natural soil moisture can be depended on. 


Location of Pasture 


As a rule it is not advisable to plow up areas that are covered 
with a good stand of palatable native plants such as western wheat 
grass or porcupine grasses (see Fig. 2). Cultivated fields that 
have been abandoned, areas supporting plants of little or no forage 
value as sagebrush or poisonous plants, and areas on which the graz- 
ing capacity has been much reduced by rodents or faulty range- 
management methods should be seeded first. The pasture should be 
located in more or less of a depression so that the moisture supply 
in the soil may be increased somewhat by run-off from surrounding 
slopes and so that some protection is afforded from the drying and 
erosive.effects of the wind (Figs. 1, 2 and 7). The soil should be 
fairly deep. Seeding will usually not succeed on thin soils or on 
areas that dry out rapidly as hillsides. The danger of both water and 
wind erosion should always be seriously considered before plowing up 
the soil, even if the stand of vegetation is thin. Cultivating the soil 
may start erdsion that might be difficult or impossible to stop later. 


Preparation of Soil for Planting 


One of the chief aims in preparing the soil for planting is to se- 
cure as firm a seedbed as possible. In order to accomplish this it 
is desirable to plow in the fall, provided that blowing out of the soil 
during the winter will not be serious. If the soil is left rough, dan- 
ger from blowing will be reduced. Sometimes very early spring plow- 


March, 1930 PASTURES FOR SPRING AND FALL GRAZING 5 


Fig. 2.—Mixed stand of grasses in foothills at elevation of about 5,500 feet. 
A dryland pasture would succeed here but it is questionable whether the pasture 
plants would be of greater value than the range plants. August 21, 1927. 


ing and leaving the soil rough until seeding time later in the spring, 
is advantageous. Old plowed fields that have grown up to perennial 
weeds may be plowed, or in places it may be better to get rid of the 
weeds by thoro disking. Plowing or disking at right angles to the 
direction of the prevailing winds will often eliminate blowing out 
of the soil. 


Seeding Methods 


The most efficient method of seeding is drilling the seed in well- 
prepared soil. Covering the area with two drillings at right angles 
to each other results in a better cover of plants than drilling in only 
one direction. Broadcasting the seed followed by thoro harrowing 
with a spike-toothed harrow is another, but much poorer, method. 
Much seed has been wasted in broadeasting when not followed by 
harrowing or by inefficient harrowing with brush and other make- 
shifts. 

It appears that the best time to sow the mixture given below is as 
early in the spring as possible. 
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Kinds of Plants to Sow 

The kind of plants to sow depends largely upon local conditions 
of soil and moisture and, upon the uses to which the pasture will be 
put. Cattle and horses relish some kinds of plants that sheep do 
not eare for. Dryland species particularly well adapted for cattle 
and horses are slender wheat grass, (Fig. 3), (called western wheat 
grass or western rye grass by seed dealers), crested wheat grass, 
smooth brome grass (Fig. 4) and bulbous blue grass. The first two 
do not appear to be very valuable for sheep, but the latter two are. 
These species, particularly crested wheat grass and bulbous blue grass, 
are especially valuable for their early spring growth. Some of them 
grow well again in the fall. All are adapted to considerable sum- 
mer drouth. Yellow sweet clover may well be added in many places to 
increase the amount of summer forage and to have a legume in the 
stand. 

The amount of seed of each species to sow will depend largely 


Fig. 3—-Slender wheat grass growing without irrigation near Fort Collins. A 
goou pasture cr hay plant for cattle and horses. July 8, 1929 
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Fig. 4——Smooth brome grass growing without irrigation near Fort Collins. 
It furnishes excellent pasturage for all classes of stock. July 8, 1929. 


upon the availability of the seed. A preliminary recommendation of a 
mixture for a pasture for cattle and horses is: Crested wheat grass 
4 to 5 pounds per acre, slender wheat grass 5, brome grass 5, bul- 
bous blue grass 3, yellow sweet clover 2, totaling 20 pounds per aere. 
The mixture for sheep is less satisfactory consisting of brome grass 12 
pounds per acre, bulbous blue grass 5, and yellow sweet clover 3. 

Seed of smooth brome grass, slender wheat grass and yellow 
sweet clover may be obtained from most seed dealers. Bulbous blue 
grass seed may be secured from Mrs. H. P. Bush, 826 KH. Main 8St., 
Medford, Oregon. Seed of crested wheat grass may be secured from 
Oscar H. Will and Company of Bismarck, North Dakota; Fargo Seec 
House, Fargo, North Dakota; Valker-Christensen Company, Minot, 
North Dakota. 
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Descriptions of Grasses 


Crested wheat grass was first introduced to the United States 
from Russia in 1898. It is a native of the steppe region of Russia and 
southwestern Siberia. Little attention was given to it until 1915. 
Since then it has been demonstrated that this grass is one of the 
most drouth-enduring and earliest growing of the perennial grasses. 
It is reported to be about a month earlier than native grasses and 
from 1 to 2 weeks earlier than brome grass. It has sometimes yielded 
more than either brome or slender wheat grass. If planted alone, 10 
pounds per acre are recommended. It is an erect bunch grass. Dur- 
ing the first season it stools out rather rapidly and usually forms a 
small amount of seed, (Fig. 5). In later years 200 to 800 pounds of 
seed per acre may be secured. A fair average yield is considered 
to be 300 to 400 pounds per acre. Instructions for growing this 
grass for seed may be secured from the Northern Great Plains Field 
Station at Mandan, North Dakota. 

Bulbous blue grass, also called winter blue grass and bulbosa blue 
grass, has been introduced into Oregon, California, Colorado and 
probably other western states, usually, it is beheved, with alfalfa seed. 
It is highly relished by stock and it is very nutritious. In Oregon 
and California it grows during the winter and dries to the ground 
in the summer. It is a perennial. In Colorado it grows very early in 
the spring, blooms in May and then dries up later. In place of flow- 
ers or seed, it produces small bulbs or bulblets. It also preduces basal 
bulbs. These bulblets are handled as seeds, sowing at rate of about 10 
pounds per acre when seeded alone. This grass is rather slow to be- 
come established but it forms a good turf in time. 

Slender wheat grass (Fig. 3), also called western wheat grass and 
western rye grass, 1S a perennial that is very resistant to both drouth 
and cold. It is a native of western North America. It is an erect 
bunch grass. This grass has been used. extensively in western North 
Dakota-and in Canada, especially for hay. As forage it is palatable 
and nutritious especially to eattle and horses. 

Smooth brome grass (Fig. 4), also called Hungarian, Austrian or 
awnless brome grass, is a native of central Europe and Asia. It has 
been much used in western United States and Canada because of its 
resistance to drouth, earliness of growth, abundant production of for- 
age thruout the season, palatability to all classes of stock and because 
of its method of spreading by underground rootstocks. It is a peren- 
nial, forming a fairly open turf. 


Care After Planting 


A good stand of plants may be ruined the first season by improper 
treatment. It is important to pay especial attention to the surface 
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the first season in order to secure the best possible stand. Grazing 
should not be permitted until towards the close of summer when 
hght grazing does not appear to cause any damage if the soil is dry. 
The weeds should be mowed as soon as they begin to hinder the growth 
of the grasses. Many pastures have been greatly damaged the first 
year by failure to mow the weeds in time. If a so-called nurse crop 
has been used it should also be cut as soon as it begins to hamper the 
growth of the seedlings, long before the nurse crop begins to bloom. 
Excessive trampling, especially when the soil is wet, should be pre- 
vented. Bulbous blue grass appears to be easily killed by exposure 
of the crowns by trampling or erosion. Too close grazing should be 
avoided. After the plants have become established rotation or alter- 
nate grazing of two or more pastures will, as a rule, result in greatest 
forage yields with least injury to the stand. 
Report of Experimental Work on Mountain Pastures 

Near Fort Collins, elevation about 5,000 feet.—A number of 

grasses and legumes were planted in rows during the last week of 


Fig. 5.—First-season stand of crested wheat grass at an elevation of about 6,300 
feet near Livermore. July 15, 1927. 
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April, 1928, on an old plowed area that was rather gravelly. It was 
located at the base of the foothills and received no irrigation water. 
The only early species were crested and slender wheat grasses and bul- 
bous blue grass. The two former became nicely established the first 
year, the last was much slower. All continued to grow very nicely 
during the second season. On March 6, 1930, the crested wheat grass 
tufts were dense with numerous green leaves in each tuft. The new 
growth was 2 to 5 inches tall. Slender wheat grass had somewhat 
fewer green leaves that were 2 to 4 inches tall. The bulbous blue 
erass clumps were very dense and mat-like, covered with green leaves 
1 to 3 inches tall. The base of the clumps was made up largely of a 
mass of bulbs pressed closely against each other. 


Near Livermore, elevation about 6,300 feet—An area, (about 
one-fourth aere) of good soil that had been in dryland potatoes was 
seeded in the spring cf 1927 to 4 pounds of crested wheat grass. The 
seed was broadcast and then harrowed in. By July 15 it had made a 
good stand (see Fig. 5). There were up to 10 flower stalks per plant 
averaging 10 inches tall. On March 8, 1930, this area was being 
closely grazed by cattle (Fig. 6), the tufts were 2 to 4 inches in 


Fig. 6—A portion of the sama ¢rested wheat j i 
> Sa > grass pasture shown in Fig. 5 
but taken on March 8, 1930. It is being very closely grazed by cattle. a ae 
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Sheree 


Fig. 7.—An area that had been in grain on which an excellent stand of pas- 
ture plants was obtained. Near Virginia Dale, 7,000 feet. March 8, 1930. 


Fig. 8.—Detail on July 19, 1929, of the pasture shown in Fig. 7. The chief 
plants are smooth brome grass, crested and slender wheat grass, and yellow sweet 
clover. Seeded in spring of 1928. 
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diameter and there were numerous green leaves 1 to 4 inches long on 
each tuft. None of the native grasses, nor Kentucky blue grass and 
brome grass, were as far advanced. 

Near Virginia Dale, elevation 7,000 feet.—In the spring of 1928 
several areas were seeded to a few kinds of grasses. On one area 
(Figs. 7 and 8) that had been in grain an excellent stand was se- 
cured. Brome grass was most abundant but yellow sweet clover, 
slender wheat grass and crested wheat grass were also numerous. 
On another area of poor, gravelly soil, crested wheat grass was 
the most successful. It was spreading and gradually killing out 
the weeds. <A third area, which had been plowed, produced good 
growth of crested wheat grass and bulbous blue grass. Drilling 
in the seed resulted in better stands than broadcasting. On another 
area of 12 acres where brome grass, yellow sweet clover and orchard 
grass had been seeded in the spring of 1925, the first two formed 
most of the stand. This pasture yields a large amount of forage 
(Fig. 1). 

The earliest grasses were crested wheat grass and bulbous blue 
grass. On March 8, 1930 when the soil was still frozen below a depth 
of 4 to 6 inches, crested wheat grass was most developed, having num- 
erous green leaves 2 to 6 inches long; bulbous blue grass also had 
many green leaves 2 to 6 inches long; brome grass and slender wheat 
grass had fewer green leaves 1 to 3 inches long and orchard grass 
had but few green leaves about 1 inch long. The clumps of most of 
the grasses were 2 to 4 inches in diameter. Most of the grasses, ex- 
cept orchard grass, were being closely grazed by cattle. 

Conclusion 

There is a distinct need for early pastures in the mountainous 
parts of Colorado. Experimental work conducted during the past 
three seasons in a number of areas indicates that certain grasses are 
valuable for both spring and fall pasture. 

A mixture of grasses that are from 2 to 4 weeks earlier than 
native grasses has been found to meet the need for early pasturage in 
several places. For cattle this consists of crested wheat grass, 4 to 5 
pounds per acre, slender wheat grass 5, brome grass 5, bulbous blue 
grass 3, yellow sweet clover 2, totaling 20 pounds per acre. Since the 
first two do not appear to be very palatable for sheep, the mixture ree- 
ommended for them is brome grass 12 pounds per acre, bulbous blue 
grass 5 and yellow sweet clover 3. 

It is emphasized that. considerable attention must be given to the 
location of the pasture, preparation of soil for planting, seeding and 
later treatment of the pasture, in order to secure the best possible 
results. 

Because of the importance of this early pasture problem, it ap- 
pears advisable to publish the available information as a progress 
report of our observations and experiments to date. 
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X. SUMMARY 


Preface 


The Colorado Agricultural College has recognized the need 
for a study of local government in Colorado for the purpose of 
aiding the agricultural interests of the state that carry the larg- 
est burden of taxation. 


It is believed that, in the solution of everyday problems of 
the local government that practical illustrations of savings thru 
research into county affairs would stimulate the adoption of im- 
proved methods designed to increase the efficiency of local 
government.’ 


A preliminary study of Larimer County government was 
started in June, 1926, by Burton D. Seeley, a graduate student in 
the Department of Economics, under the direction of Professor 
L. A. Moorhouse. The study resulted in a master’s thesis entitled 
“Taxes as They Affect the Rural Taxpayer.” County officers co- 
operated freely with Mr. Seeley in making the study. 


The Economics Department of the college, on its own behalf 
and on behalf of the college, desires to thank the Division of 
Finance, Bureau of Agricultural Economics, for its constructive 
aid in preparing this report. It also wishes to thank Rolland A. 
Vandegrift, director of research, California Taxpayers Associa- 
tion, for his assistance in outlining methods of research used in 
similar studies in California. It takes this opportunity to express 
appreciation to the Board of County Commissioners for reading 
and criticizing the entire manuscript and all the officials and 
employees of the county whose cooperation made possible this 
study. The author has also attempted to express in the bulletin, 
as occasion arose, obligation to many others from whom many 
suggestions were derived. 


1Since the study was completed many of the suggestions for improving the efficiency of the county 
government have been adopted by the new board of commissioners. Attention has been called 
to these changes in the footnotes wherever possible. The commissioners are powerless to make 
certain other changes recommended until the present 50-year-old state constitution is amended 


or revised, but they should be given credit for an attempt to improve conditions. 


Summary 


Efforts to improve the status of farmers in our tax structure 
should include a determined effort to secure greater economy in 
local expenditures. 


This study indicates opportunities for improvements and 
savings thru greater efficiency: (1) In handling records and 
accounts; (2) by pointing out the necessity for suitable systems 
of budgeting to make public scrutiny of expenditures more effec- 
tive and give the public a better understanding of the uses of 
their funds; (3) by showing the need for a centralized purchasing 
department; (4) by recommending the reorganization and consol- 
idation of related departments; (5) by pointing out need for a 
careful study of school indebtedness; (6) by indicating bad fea- 
tures in the present methods of financing education; (7) by show- 
ing that many public improvements and services—roads, schools, 
etc.—are perhaps less local in character than generally thought, 
and that the movement to finance them by taxes levied on larger 
territorial units should be accelerated; (8) by showing the need 
for some method of controlling the increase in public debt; and 
(9) by pointing out many other methods and devices aimed at 
economy. 


There can be no adequate reform of taxation which does not 
rest upon an intelligent and scientific examination of public 
expenditures, governmental organization and administrative 
efficiency. 


The reader will find a brief summary at the end of each 
section discussed. 


THE COST OF LOCAL GOVERNMENT 


IN LARIMER COUNTY, COLORADO 


By G. §. KLEMMEDSON 


Why a Study of Local Government? 

The cost of local government has been rising so rapidly in 
the past few years, the present burden is so great and the pros- 
pects for reduction are so remote, as to thrust the problems of 
local government into the forefront in Colorado. 

These are the days when local governments as well as indi- 
viduals feel the economic pressure and financial stress. It is a 
time when everybody preaches but few practice economy. At 
such a time it is natural that the question should be raised, as 
to: (1) Whether too much money is being spent by our counties 
on public schools, roads and general county government; (2) 
whether such funds are economically administered; (3) whether 
the cost of services demanded is distributed fairly according to 
the benefits received and the ability of the taxpayer to pay for 
them; and (4) how the taxpayer’s money is being spent. 

The relation of taxation to agriculture cannot be explained 
fully in terms of direct taxes on farm property. It is also neces- 
sary to take into account the farmer’s position in our tax struc- 
ture as a whole and his relation to public improvements and serv- 
ices. The farmer, while unable to shift his taxes to others, is 
obliged under our present system to pay a part of the taxes of 
others. Efforts to improve the status of farmers in our tax struc- 
ture should include a determined effort to secure greater economy 
in state and local expenditures. 

In the final analysis the amount of taxes raised is not so im- 
portant as knowledge of whether the funds so derived are effi- 
ciently spent, what quantity and quality of services and benefits 
the residents of a community receive in return for taxes paid. 

Most of us realize that taxes confer many benefits. Higher 
taxes in one community than another may mean better roads, 
superior educational facilities, better-equipped libraries and better 
police and fire protection. Who can say that these are not worth 
the price? 

Why We Have the Problem of Increasing Cost 
of Local Government 


The increasing costs of local government are due to several 
reasons: 

First, there are certain prominent defects in the organization 
and management of the local government which result in high 
costs. These will be pointed out and discussed. 
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Secondly, the inertia with which the public nearly every- 
where views county governments has not been broken down. 
This inertia is in large part due to lack of information about 
county government and a failure to realize its importance. Par- 
tisan considerations interfere with efforts of public-spirited citi- 
zens and officials. All attempts at improvement whether they 
are for reorganization of county government, establishment of 
financial control, or other means of improvement meet with polit- 
ical opposition or indifference . 

In Larimer County, as well as many other counties in Colo- 
rado, the method of conducting the business has grown up thru 
practice over a long period of time and now needs modernization. 

Little information as to methods and costs to determine im- 
proved methods and economical procedure has been or is at pres- 
ent available. With the rising need for services of all sorts some 
practices in administration and in accounting have grown up 
without proper coordination. 

Seldom have the administrators of the different departments 
of the government known what it has been costing them to per- 
form services, as in the case of the per-mile cost of maintaining 
or constructing roads of different kinds, the cost of operating 
highway equipment, the cost of handling tax records, the per 
capita cost of teaching various subjects in schools, or the cost 
per patient in the county hospital. 

Without adequate information as to costs, quality of service, 
and comparable data from other counties or schools to guide 
them in controlling costs, the administrators could not intelli- 
gently exercise control] and make desirable changes. The tax- 
payers, having much less information than the officials, could 
not give assistance or lend such moral support as the importance 
of the problem warrants. 


Plan and Purpose of This Study 


This study is made for the purpose of showing where all 
funds spent by the county came from, how they were expended, 
and what was secured for the expenditure, so that the taxpayer 
can see where his money went and what was secured for it. 

It will be a long time before all of the information needed 
to do this is available in a desirable form. But in the present 
bulletin a beginning has been made in this direction, and accord- 
ingly emphasis has been placed upon such subjects as: (1) The 
sources of tax and other revenue; (2) the purpose for which 
expenditures are made; (3) the cost of bond issues; (4) the rea- 
sons for the increase in floating indebtedness; and (5) a study 
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of governmental organization and administration to see where it 
can be improved. 

If public attention were increasingly directed to such mat- 
ters, it would better appreciate the need of making the govern- 
ment an efficient one. 

The author wishes it clearly understood that he is dealing 
with principles of government rather than with personalities in 
making this study for the years 1920 to 1928. This research is 
directed toward the betterment of present methods and not for 
spying upon the work of public officials. Public officials should 
receive constructive recommendations about how they can im- 
prove or reduce the cost of service. 


The Solution of the Problem 


Obviously the solution of this important problem of local 
taxation is in making the local government and all its depart- 
ments efficient. 


How Can the Taxpayer Control Local Expenditures? 


It is natural that the taxpayers will show a greater interest 
in government and will complain less about high taxes if they 
can trace public expenditures with ease by means of the budget. 
There is no reason why the taxpayers of Larimer County or any 
other county should not help prepare the budget estimates. 

After the commissioners have drafted a tentative budget, it 
could be published and then a day might be set for hearings. With 
copies of the previous year’s budget in their hands, the citizens 
could be asked to come in and obtain an explanation of every in- 
crease or decrease. They could voice their disapproval of any item 
that seemed to them unnecessary. The budget at least offers the 
people a chance to participate in shaping governmental policy in 
a very effective way. 

There should be complete publicity of all county affairs. The 
annual reports and financial statements required by law are not 
very enlightening to the average citizen. A county accountant 
or other official who can take these reports and explain them in 
an elementary way can render a very valuable service to the 
county. Most official transactions are reported by the news- 
papers, but oftentimes these items would be better understood if 
there could be an official word of explanation. Besides, there is 
apt to be a certain amount of secrecy about public affairs and 
essential facts are often concealed. 

The individual can do little by himself, but a small group of 
people, armed with accurate information and animated by right 
ideals, can exert a tremendous influence. 
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The Material and Method Used 


The study covers selected years from 1920 to 1928. Receipts 
and expenditures in the study covering 1928 are taken from the 
auditor’s report which gives a consolidated statement of all de- 
partments of the county showing all sources of revenue. The 
expenditures for 1928 are shown both as cash expenditures and 
those based on the amount of warrants issued during the year. 
Warrant ledgers together with other records and accounts, were 
examined and used whenever necessary. 

Personal visits were made to study systems of accounts, 
budgets, photostatic recording, machining of tax records, the use 
of mechanical methods in handling financial records, and other 
improved methods used in El Paso and Weld counties, and in 
Denver. 

The results of research in county government in North 
Carolina were obtained thru correspondence with Dr. E. C. 
Brooks, chairman of the County Government Advisory Commis- 
sion, Raleigh, North Carolina. An analysis of the expenditures 
of county government in California was obtained thru the Cali- 
fornia Taxpayers’ Association. The author is especially indebted 
to these and other leading authorities such as Paul W. Wager, 
University of North Carolina, for valuable aid in the prepara- 
tion of this manuscript. They have long been calling attention 
to county government and its antiquated and wasteful practices. 


THE ECONOMIC WEALTH OF LARIMER COUNTY 


The ability of a community to satisfy its desire for better 
schools, roads and other services, rests ultimately upon its in- 
come. In the long run it cannot sustain expenditures of greater 
amount than its income, and if progress is made, expenditures 
must be less than income so that a surplus is provided for capital 
accumulation. Unfortunately the available information respect- 
ing both wealth and income are so fragmentary and inaccurate 
that attempts at measurements can be no better than good 
estimates. 

Several sources of information are available concerning the 
amount of certain types of wealth in Larimer County as follows: 
The federal census, the biennial census of manufactures, the 1925 
agricultural census, the assessment figures, the Colorado year- 
book, and miscellaneous sources. 

Owing to the fact that property in general is assessed at 
only a fraction of its actual value, the assessment figures cannot 
be taken as a fair measure of the wealth of Larimer County. 
From information derived from various sources, the estimates 
of the ratio of assessed to actual value vary from 5 percent on 
intangibles to 60 percent on real estate. 
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Applying these ratios to the figures obtained from the asses- 
sor, the actual value of taxable wealth would appear to be ap- 
proximately 159 million dollars for 1928. It should be clearly 
understood that nothing is claimed for these figures beyond that 
of being rough estimates. 


1,260,000 lambs were fed in Northern Colorado in 1928 


16,600 acres of sugar beets valued at $1,507,300 were produced 
in Larimer County in 1928 
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TABLE 1.—STATISTICS CONCERNING LARIMER COUNTY, 1928 


Estimated Wealth of County: Total Per Capita! 
Realty: 
Urban (cities) 
BT 0 aie tae Wine eared eon arm ARE nee oe SR Re Be CRE or ORE Dern $10,000,000 $ 336 
Whoa oy oie) 0a(e8 OU: Wp eer en re ce 18,000,000 604 
Rural 
Nts (meek eae Pe RAL SP A apr eeE oenere rN APU RR ern ee 30,000,000 1,008 
5,000,000 168 
(PubliesntilitiespemelnactOriesssesesese reeset eee 12,000,000 403 
Mineral resources, oil, limestone: ---- === oo nc occ ce ene eee or 12,000,000 403 
Personalty: 
Tangible 
OBAViCS GO C kee seen ene cae ee ee 12,000,000 403 
Automobiles 4,000,000 134 
Farm machinery 2,000,000 67 
Mamita chunens as hoc kc semesters ate anny eecn ana 10,000,000 336 
IMercatitilestock= 2-52}. eee ke en eee 10,000,000 336 
(Prnbblie shalt ec eee eee ee ee eet re eee 1,000,000 37 
lousehold:cs: #20) ee ee eee 3,000,000 100 
Intangible 
10,000,000 336 
5,000,000 168 
10,000,000 336 
5,000,000 168 
Hall valuevot taxable propenrtyssss sees eee ene een $159,000,000 $5,343 
Estimated annual gross income: 
Income from crops, livestock and livestock products, 1928... $7,000,000 $285, 
Wages to agricultural workers ae 1,200,000 40 
Weageso mianutacturenss worlcens sees seamen ene aecer 1,500,000 51 
Valuevaddediby mamuftachunece eect ee Heh tpet 6,000,000 202 
INSIETCPT OW US ee ee Le 5,000,000 168 
Sbocltg DOnCs Mets IM Tenest a hc sees maaan ean 2,000,000 67 
PLO balliia cma Giron: Sores ca eee nese nee ae er a ee eR $22,700,000 $ 763 


1Based on population of 29,760 in 1928. 
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TABLE 2.—SUMMARY OF THE VARIOUS PRIMARY FACTS RELATIVE TO LARIMER 
COUNTY’S TAXABLE ABILITY 


Total area, acres ‘ 1,682,560 
Total population 1928 (estimated)... aca 29,760 
Total population (1925 census)... ee 29,340 
Children of census age (6-21)... = : a 9,628 
Estimated gross wealth of Larimer County’s population (1928).. __ $159,000,000 
Estimated total annual income of Larimer County................-.-..... $22,700,000 


ROLAInaxeR raised anwlanimner County; (lO 2 Sikes secre: tere bec eee ae ee $1,322,377 
motlssssessed value Larimer County, 19282. ke ee ee $55,590,465 
Average property tax rate (total taxes divided by total assessed property) a. 2.38% 
Average property tax rate (total taxes divided by total wealth)... 202202 83% 
Percentage of estimated total income taken for local and state property tax ...................- 5.9% 
Estimated gross wealth of population per capita..........2..2.-.2--22-ce0ce0e cee eeeeeeeeenee= ee $5,343 
Estimated annual income of population per capita $763 
Estimated annual income of population per family of 4.22.00... 02.0.2. -oce ee eeeeeene cece eee eee $3,052 
Per capita taxes, excluding cities and towns = $44.43 
ARSE rmESEISITY SL LAK Ces eee ceo ee SOc Lee, a, Sa, en el res seat he cee eee See ee ee $177.72 


High school recently built for the city of Fort Collins 


Summary 


Information respecting the wealth of Larimer County is so 
fragmentary that attempts at measurement can be no better than 
rough estimates. 

The value of taxable wealth is approximately 159 million 
dollars for 1928. 

The estimated gross wealth per capita is $5,343. 

The estimated annual gross income per capita is $763 and 
per family of four $3,052. 

The taxes paid per family amount to an average of $178 
per year. 
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HOW LARIMER COUNTY TAX REVENUES AND OTHER 
RECEIPTS ARE DISTRIBUTED 


Purpose for Which Revenue Is Expended 


The following discussion will give a brief description of the 
various purposes for which state, county, and school revenues 
are expended. 


The ordinary county revenue consists of tax collections; fees 
from the county treasurer, county clerk, sheriff, county court, dis- 
trict court and justice of the peace court; interest from delin- 
quent taxes and county money on deposit; licenses; and miscel- 
laneous receipts. This fund is used for general county expenses. 


Road receipts consist of tax collections, state and federal 
aid, 50 percent of the motor vehicle tax less cost of collection, a 
portion of the state gasoline tax apportioned according to the 
mileage of state highways within the county, and fines for viola- 
tion of traffic laws, royalties on forest and mineral leases, and 
accommodation sales to citizens of the county. 


The revenues for the operation of the schools are derived 
from three main sources. The largest revenue is derived from 
district school tax levies. The directors in each district make 
annual budgets of funds required and their budgets are certified 
by the county superintendents to the county commissioners, who 
make levies thru the regular tax-collecting channels. In addition, 
the state is a large owner of school lands, from the sale and 
operation of which funds are derived. These revenues are main- 
tained in a permanent school fund and the interest therefrom 
becomes available for the support of the state educational insti- 
tutions. The third source of revenue is from tax levies made by 
counties under a minimum teachers’ salary law which is limited 
to not to exceed 5 mills a year.’ Small amounts are also received 
from certain fines. 


The hospital, poor farm and county home secure revenue 
from ordinary tax collections and from receipts from the county 
hospital and poor farm. These sources provide funds for the care 
of unfortunates within the county and support the county hos- 
pital and poor farm. 


The state reimburses the county for one-half of its expendi- 
tures for the blind from a special fund secured for that purpose. 
This fund provides a maximum of $300 per person per year for 
all those within the county who qualify under the state law.’ 


‘Compiled Laws of Colorado, 1921, Sec. 8451, 8.L.1927, p. 640. 
2Compiled Laws of Colorado, 1921, Sec. 725 and 730. 
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The mothers’ compensation fund provides for the assistance 
and protection of women who are unable to properly care for 
their children, or who are unable to properly care for themselves 
and infant child or children during certain periods before and 
after childbirth. ' 

Special advertising revenue is raised by taxation to advertise 
the county and the disposition is at the discretion of the county 
commissioners. It is used chiefly to afford advertising thru the 
local chamber of commerce and the county fair. 


Tax Levies in Larimer County Increase 


The tax levy in Larimer County rose from $9.58 in 1924 to 
$12.37 per $1000 assessed valuation of property in 1928. The dis- 
tribution of the tax levy for each year was as follows: 


TABLE 3.—DISTRIBUTION OF LARIMER COUNTY TAX LEVY 


Dollars tax per 
$1000 assessed 
valuation of 
property 
Object of Levy ——_—___—_— Percentage 
1928 1924 increase 


ox ordinary purDOSseiiwct oa ee ee, $2100" 282.25 ——]1'* 
Support of poor, county hospital and home 1.00 45 122 
PE crag aT ORCS ee ae oe Poa a a eae ea 3.40 2.75 24 
Special advertising. 07 04 75 
Liquidation of warrants 1.60 25 540 
General school purposes........ ae Se eee es Bee eee. See ee 4.00 3.33 20 
Interest on county bonds__.. 14 Sete ae eee 
Mothers’ compensation______.... — 12 .20 —40* 
VES Cle oats. ance tai tna See meee Ene en Ot Saar Eee Pte tote aoe eee 04 .06 —33* 
Poor-farm heating plant__.........---...... : easel ae ade Binns ae checerstaese ees S20 deen cee 
RGR ee re oe Fae ae ee ey eee ba -kepre, RMP ROE $9.58 29 


Note the large increase in the levy for the payment of un- 
paid warrants, support of the poor, special advertising, road pur- 
poses and general schools. Levies for ordinary purposes, moth- 
ers’ compensation and the blind decreased. 

From the distribution in 1928 it will be seen that the largest 
single levy is for school purposes, $4; for road purposes, $3.40; 
and for ordinary general government, $2. These three levies 
make up three-fourths of the total county levy. 

The valuations have remained practically the same during 
this period. The valuation for 1928 was $55,590,465. 

State tax levies which should be added to the county tax 
were distributed to the various funds based on a total valuation 
of $1,577,560,380 for 1928 and $1,540,500,479 for 1924 as follows: 


1Compiled Laws of Colorado, 1921, Sec. 608 and 609. 
*Represent decreases. 
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TABLE 3a.—DISTRIBUTION OF STATE TAX LEVY 


Dollars tax per 
$1000 assessed 
valuation of 


property 

Purpose of Levy [ats a 
1928 1924 
Gitatepumposesn(Gemersll) Eve verte) sess: eee eee see men eee ene $ nee $ .42 
State University. 52 43 
Agricultural College .26 21 
Agricultural: © ollesies Winco erimerty sey ulomy ee ees a creer ee ee ee ee .O7 507. 
Fort, be wis Selo ols. a =e saws c cease see cae 2 ea oe Bea So 2m pe .05 .04 
SGI Oh MN So ae are pea ee eS ee 16 13 

School of Mines, Experiment Station_. a2 i090 7 Ree ee 
SiGaute mille mic liens (Clie me esc e as seats ee er a eee 26 wal 
Western State College (Gunnison Normal School) ee eee 10 .08 
Mruterand: Blinds Selnools(Goloracloy Symi eis) eee eee ee eee eee ee eee ee 14 14 
Colorado State Hospital_. 27 Fagg 
Stock Inspection............ = .03 .03 
(OEnosyifoll AEhoullkabnavols = ee = 10 10 
Pidtueatiomal Wimetirtutioms: Buildimps 2. eee ee 30 
SCAU WEG 1 CG Saree mn rene ome ete wena soe eee sol ost AL ci en oe Ao en eee eee 50 50 
vba rs buick We ne ee ee ae fee cen AS oe a ch ge cee ek .03 O01 
1 Guat oy Hon enael evan oe Dee Cojiah peetshikey A asco) OY) iN phos eae seen ee ee ee .02 
Interest on Funding Bonds, 1910. .03 03 
Interest on Insurrection Bonds, 1909, 1914 02 03 
Interest on State Highway Bonds, Act 1921 16 17 

Sinking Hund onlstate elie ways Bonds. Aeb ODN rr see ces ie neers eee ce ecu PES I 
GapitoleOtivee sB ules ek ee esc 2 eater te pare, ee a ee Oe ee ee ee a6 ANP 
State Military........... sie 07 07 
AS Tien el WS etme fattig et, ees A tk OTR SN Fae Na a ele, ae ee ee .09 
Fspuowtertiaver Veyuwanele, Miiweaxclinayes VBYopaye key ICOMOS a 03 .03 
University Medical School and Nurses Training School... 10 205: 
Sinking Fund Insurrection Bonds, 1909... Se a re ace 13 
School Fund! Reimbursement. Ske saite = ROL 
Adams) SitetesINommnli sree pe lien ee ates eta Me re ais eee 4 .O1 
Totals... SST SEE atc SO weg oR AY en oe tg re ee er $3.56 $3.70 


State taxes paid by residents of Larimer County per $1000 
valuation of assessed property decreased from $3.70 in 1924 to 
$3.56 in 1928. Of the $3.56 which the state receives from Lari- 
mer County, 43 cents are used for general state purposes, 52 cents 
for the State University, 26 cents for the Agricultural College 
and 7 cents for the experiment station, or $1.73 is allotted for all 
state educational institutions. 


Trend of Revenue Collections Rising 


Information and attention have been directed in the previous 
section to the purpose of tax collections, the functions for which 
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collected, and the classes of property which bear these burdens. 
It shall be the purpose of this section to analyze in detail all re- 
ceipts collected by the county and show the purpose for which 
taxes are levied and collected. 


Before we discuss the revenue receipts for 1928 it might be 
well to consider what has taken place during the past few years 
so that the reader may have a picture of the trend of receipts 
and tax collections. 


During the year 1928 the receipts from current tax collec- 
tions, excluding tax from cities, amounted to $1,322 thousands, 
as against $812 thousands in 1920. See Table 4. The current tax 
collections increased $510 thousands, or 62.8 percent as com- 
pared with 1920. 


Tax collections for state purposes amounted to 15.8 percent 
of the total tax collections in 1928 compared with 20.9 percent in 
1920. Their proportion of the total showed a decrease of 5.1 per- 
cent from 1920 to 1928. - 


Educational taxes in 1928 comprised 53.5 percent of the total 
tax collections. Their proportion of the total showed an in- 
crease since 1920 when they had amounted to 45.3 percent of 
the total. 


Road taxes amounted to 12.4 percent of the total in 1928 and 
15.6 percent in 1920. This indicates a decrease in taxes collected 
for roads. Expenditures on roads during this period, however, 
tell a different story. 


General government receipts comprised 14.9 percent of the 
total in 1928, which is only .1 percent higher than in 1920. 


Tax collections for charities, the hospital and county farm 
amounted to 3.4 percent of the total in 1928, an increase over 
1920, when they amounted to 2.8 percent. 


Increase Due to Education, Roads, Poor and Debt 


An analysis of the figures in Table 4 shows that the large 
increase in taxation is due primarily to increased expenditures 
for educational purposes, highways, poor and for the liquidation 
of floating debt. 

A study of the receipts from all sources of revenue for Lar- 
imer County from 1924 to 1928 is shown in Table 5. It shows 
that educational revenue has increased $133 thousands from 1924 
to 1928, charities revenue from $55 to $86 thousands, general 
government revenue from $156 to $259 thousands, and city 
and town revenue from $291 to $342 thousands. Revenues 
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TABLE 4.—DISTRIBUTION OF CURRENT COUNTY TAXES IN LARIMER COUNTY, 
COLORADO, 1920 AND 1928 


Percentage 
Thousands of Dollars distribution 
Purpose of Tax Collection == 
1920! 1928 1920 1928 
State purposes........ adeno a aera he eae se arene 170 209 20.9 15.8 
Education: i 
Spoecteules chico |i vil sees eee seers eee See 281 435 34.6 32.9 
General school fund__..... See 49 169 6.0 12.8 
Imberesit, omiscMool lomes a -oce sce ccee nearer eeeeeee eee PAY 56 2.6 4.2 
Redemption of school bonds..............---------------------- 17 47 2.1 3.6 
HL Gea ee eae ees See eee rn ene 368 707 45.3 53.5 
TE a lesen cle tn: Las ys ys eee ie reac re ee 127 164 15.6 12.4 
General government: 
@rOirieirys CO Uma ty emere soe eae seen 98 98 12.1 7A 
Liquidation of unpaid warrants........_....-.....------------ 20 87 2.5 6.6 
Special advertising 1 4 ail 33. 
Interest.om county om s:a..eeees eee eco 1 8 pit 6 
AU Cont ins cer cee ce eee 120 197 14.8 14.9 
Charities and hospitals: 
Poor fund, hospital, county farm_.......................- 18 38 2.2 2.9 
Mothers’ compensation. _...........- 4 7 5 5 
AB Timed hfs eerie tise eee eee nee ges rae. eee de Aen a 
A icy f oN (Sie Seer oe near crime Ma ar pet Meroe Snicer (eee 23 45 2.8 3.4 
Unforeseen contingency ............. Seis pas Seeeecee er CER WY Piper eeciee Sees sO, ance 
Special local assessment. ....----..------- 2 cceeencceeeceeeeecceeeeeseee ee SD ee eae ace een Fe aera ree 
Rotadtmomitax colllectiomsese. sees eee 812 1322 100.0 100.0 


collected for the state decreased from $247 thousands to $211 
thousands, indicating that the state is obtaining an increasing 
portion of its revenue from other sources than from taxation on 
general property. The amount of revenue collected for the 
payment of outstanding warrants increased from $13 thousands 
to $88 thousands. Revenues collected for road expenditures in- 
creased during 1925, 1926 and 1927, but showed a decrease dur- 
ing 1928. 


A study of the outstanding floating indebtedness will show 
that expenditures have exceeded income every year since 1923. 


The road expenditures greatly exceeded the road receipts in every 
year from 1925 to 1928. 


11920. B.D. Seeley. “Taxes as They Affect the Rural Taxpayer.’ Thesis Colo. Agr. Col. 1928. 
Note: Receipts from delinquent tax and miscellaneous sources omitted. 


How LARIMER County CURRENT 
TAX COLLECTIONS ARE DISTRIBUTED 


Total Collections een ir. 1928 


Education 62.6 vs 
| State 49.1 


Gounty 128 
District 407 


Government 8.14 


{ State 3.8 
County 149 


County 125 
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Education takes more than half of the county tax dollar. 
Out of every dollar raised for educational purposes by taxation 
13 cents was raised by county taxation, 41 cents was raised by 
district taxation, and 9 cents by state tax, a total of 63 cents. 
Education was therefore supported to a greater degree by dis- 
trict taxation than by general county or state taxes. Chart 1. 


Roads and highways constitute the next largest purpose ex- 
cept for general government, for which funds were raised by 
taxation. The major portion for this purpose was raised by 
county taxation. The total raised by county taxation for road 
and highway purposes was 12 cents and for state 3 cents, making 
a total of 15 cents out of every dollar derived from taxation. In 
addition to the actual amount of money raised by taxation for 
roads, large sums of money were received from the gasoline taxes 
and motor vehicle licenses. A large floating debt was incurred 
for building and maintaining roads because revenues were in- 
sufficient. 


Current tax collections, delinquent tax and miscellaneous re- 
ceipts from other sources are given for 1928 separately in Table 
6. Funds collected by the county for cities and towns in Larimer 
County are also shown. 


Table 6 shows that current-year tax collections amounted to 
84.2 percent of the total revenue, delinquent tax .6 percent, and 
miscellaneous receipts 15.2 percent. Information is also given on 
the amount of funds received from different sources; as for ex- 
ample, in the road receipts the amount derived from property 
taxes, gasoline tax, motor vehicle, license fees, state highway de- 
partment, fines and Forest Service are given separately. 


Summary 


Tax levies in Larimer County have increased from $9.58 per 
$1000 of assessed valuation in 1924 to $12.37 in 1928 while the 
valuation has remained practically the same. 


The purpose of the state tax levy is given in detail for 1924 
and 1928 and shows that it has decreased from $3.70 per $1000 
assessed valuation in 1924 to $3.46 in 1928. 


Receipts from current tax collections have increased from 
$812,000 in 1920 to $1,322,000 in 1928. 


Educational taxes, exclusive of state taxes, comprised 53.5 
percent of the total tax collections in 1928. Their proportion of 
the total showed an increase since 1920 when they amounted to 
only 43.3 percent of the total. 


1Auditor’s report, 1928. 
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TABLE 6.—HOW LARIMER COUNTY TAX AND NON-TAX REVENUES WERE 
DISTRIBUTED IN 19281 
Source of Revenue 
Purpose for Which Current Delinquent Mise. Total 
Revenue was Collected Year Tax Tax Receipts from County 
Collections Collections Other Sources Receipts 
State: Q) (2) (3) (4) 
General state fund.____.................._ $ 209,407.01 $ ASB) Oe ee $ 210,941.44 
County purposes: 
General : 
Ordinary government... 98,159.56 756.14 44,509.60 143,425.30 
Liquidation warrants....... De 87,252.90 G42:80\e) ox ee ne 87,895.70 
Redemption county bonds... -222.----eee-ee-0---= LUO. eee 1.70 
Interest on county bonds........ 7,634.63 LAO @ xe eee ees 7,692.06 
Special advertising... es 3,817.32 PYRO tei eae ens 3,844.40 
Advertising sales... 727.15 (2ite lS 
Interest on delinquent tax... 12,680.01 12,680.01 
County treasurer’s cash fees .... 2,702.98 2,702.98 
HUMOUR ne seas .. $ 196,864.41 $ 1,485.15 $ 60,619.74 $ 258,969.30 
Charities 
Poor, hospital, ete............. $ 38,173.16 $ 281.98 $ 40,796.45 $ 79,251.59 
Blind benefit re er Se ee 11.78 
Mothers’ compensation... 6,543.97 BO: GS sees ke 6,594.65 
NSS I by eta cee eB ee ear .- §$ 44,717.13 $ 344.44 $ 40,796.45 $ 85,858.02 
Roads and highways 
HoT ODOXUY, usp eo eee te merce $ 163,599.20 $ 62:82 $= $ 164,762.02 
Seapiax = ee 27,000.74 27,000.74 
Auto vehicle license.__. 2 31,310.18 31,310.18 
State highways)... 14,882.65 14,882.65 
RETRO oe ene =e ree 1,170.08 1,170.08 
Forest service......-..-...--..--.- inet lee Ste oh eve a ene he x 6,179.79 6,179.79 
Wihiseellanearin seen ee eee ee es Oe eee dee, So 2,641.72 2,641.72 
f Wah EDR Cae pone $ 163,599.20 $ 1,162.82 $ 83,185.16 $ 247,947.18 
Total for county purposes............ $ 405,180.74 $ 2,992.41 $ 184,601.35 $ 592,774.50 
Educational purposes 
General school fund... ~$ 169,052.53 §$ 1,415.48 $ 27,576.05 $ 198,044.06 
Special school fund..._....-............-- 435,431.10 2,991.63 18,912.71 457,335.44 
Interest on school bonds____........ 56,448.28 de (tH (ile Daren rer eB 56,876.15 
Redemption of bonds_................... 46,856.94 B24 7 Os Wa esa 47,181.64 
AMO AS Bie come Seer SOE aoe E ter Ceaeas $ 707,788.85 $ 5,159.68 $ 46,488.76 $ 759,437.29 
Cities and towns 
PCaiord liane ..2 ce ease . $ 251,274.86 $ ere y ee Ao Ma came meaner vers $ 253,618.05 
SDOCIAL US Rates sass seats an See SSi28 1 6G ese ceeeeaes) — todasncesseee cece 88,281.66 
Ui Ba) (Nb aoe ope ee eo $ 339,556.52 $ DRS AGHLO Min eee eee rece $ 341,899.71 
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TABLE 6.—HOW LARIMER COUNTY TAX AND NON-TAX REVENUES WERE 
DISTRIBUTED IN 1928! (Continued)— 


Source of Revenue 


Purpose for Which Current Delinquent Misc. Total 
Revenue was Collected Year Tax Tax Receipts from County 
Collections Collections Other Sources Receipts 


(1) (2) (3) (4) 


Sundry miscellaneous 


Tax sale redemptions....-............--- [ SIR ponent ein RA ao None Vek Mie. $ 39,353.85 $ 39,353.85 
Motoravebicle (eoumbyncler io) sen) eects eee ene creer 28,321.71 28,321.71 
TNO UBad ees et fe bg a WE RR eye | ee ee ee ae $ 67,675.56 $ 67,675.56 
(GREW NTN fl OY KO Y9 DN Dy. a eer $1,661,933.12 $ 12,029.71 $ 298,765.67 $1,972,728.50 
Cash balance Jan. 1, 1928_.__........ 243,830.71 
$2,216,559.23 

Percentage distribution............ 84.2 6 15.2 100 

EXPENDITURES FOR GENERAL GOVERNMENT 
PURPOSES 


Trend of Expenditures 


During the year 1928 the cash expenditures of Larimer 
County amounted to $2,014 thousands, as against $1,635 thou- 
sands in 1924. The cash expenditures of Larimer County in- 
creased $379 thousands or 23.2 percent during this 5-year period. 
Expenditures for education are the biggest single item in the 
local budget. Cash expenditures for education increased $163 
thousands or 27.6 percent from 1924 to 1928. Cash road expend- 
itures amounted to $265 thousands in 1928, a decrease of $11 
thousands or 4 percent during this period. Cash expenditures 
for social welfare, that is, for the poor, blind and mothers’ com- 
pensation, increased from $49 thousands in 1924 to $120 thou- 
sands in 1928, an increase of 145 percent over 1924. An analysis 
of the cash expenditures is shown in Tables 7 and 10. 


True State of Expenditures 


The analysis of the cash expenditures alone as discussed in 
the preceding paragraphs, fails to show the actual amount spent 
by the county during this period. In addition to the cash expendi- 
tures, many registered warrants were issued to be paid for in the 
future. Table 8 gives the amount of registered warrants issued 
each year for different county general government expenditures, 
showing the true state of affairs. A careful study of Table 8 and 
Chart 2 shows the reader how and where the large floating in- 
debtedness of Larimer County originated. 


tAuditor’s report, 1928. 
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EXPENDITURES 
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TABLE 8.—HOW LARIMER COUNTY INCREASED EXPENDITURES FOR GENERAL 
GOVERNMENT, 1924 TO 19281 (ON BASIS OF WARRANTS ISSUED) 


Purpose of Issue 1924 1925 1926 1927 1928 

Ordinary general county 

GIO GING Coys e eee eee ee $186,680.54 $181,333.14 $192,656.83 $190,859.00 $202,310.44 
Roads and bridges. 379,558.73 361,298.71 254,829.54 399,662.31 407,620.62 
Poor and hospital... 2. 29,577.77 35,294.76 73,759.09 92,118.70 103,239.58 
Mothers’ compensation... 13,372.00 11,985.00 8,370.00 7,560.00 6,340.00 
Blimedsbenmetitses 7,744.00 6,684.83 4,235.50 4,022.50 5,180.60 
TAG venti simpy. see. oe eee eee 1,950.00 4,366.32 1,760.00 4,160.00 6,260.00 
County hospital and home 

oun Gira sesee ce eee ee 23900371. 160 VoAoe ee eee 
Total warrants issued.............. $621,273.75 $770,078.21 $535,610.96 $698,382.51 $730,951.24 


For example, in 1928 the treasurer’s report shows that 
$265,013.15 were spent on roads; however, warrants to the sum 
of $407,620.62 were issued for road expenditures. The floating 
debt on roads was increased in 1928 from $119,174.77 to $261,- 
781.12, or an increase of $142,606.35, Table 28. A further dis- 
cussion of this situation is given under the section of county 
indebtedness. 

The laws of Colorado state that county expenditures are lim- 
ited to the annual appropriation except for certain unforeseen 
contingencies and that county commissioners are held personally 
liable for exceeding the annual appropriation. It seems, however, 
that commissioners in Larimer County have been immune in the 
past from the penalties of the law and taxpayers have made no 
effort to place a check upon the expenditure of county funds. 

The appropriations, income and amount of registered war- 
rants issued in 1925 illustrate this point clearly. See Table 9, 
showing warrants issued in excess of income. The same thing 
is true of other years. 


TABLE 9.—APPROPRIATIONS, INCOME AND WARRANTS ISSUED FOR THE YEAR 
1925, LARIMER COUNTY? 


Warrants 

Fund Appro- Income Warrants Issued in 

priation Issued Excess of 

Income 
Ordinary county. .- ee $151,388 $175,002.06 $181,333.14 $ 6,331.08 
Poor, hospital and home.____............. 34,618 34,857.12 35,294.76 437.64 
RAGE eae Ae ee ence EON CEA Sela 270,400 287,605.33 361,298.71 73,693.38 
Special advertising... 4,268 4,917.50 486682) ees 
lebiboarsl Veyeialeyat 7,707 7,533.69 6{684:338) 9) eee 
Mothers’ compensation... 6,600 6,400.20 11,985.00 5,584.80 


1Auditor’s reports. 
2Auditor’s report 1925. p 23. 


AMOUNT AND PERCENTAGE 
of CASH EXPENDITURES FoR EACH 
PURPOSE - LARIMER COUNTY 1928 


Total Cash Expenditures f 1,357,418 


CHART 3 


Special and General 
School Fund 


49.07 


$ 664, 645 


EDUCATIONAL 
PURPOSES 
$754,305 55.67, 


GENERAL 
COUNTY PURPOSES 
603, 114 
44,47 


Charities 
$ 120, 104 


>: : 
Road. aN ao 


of Warrants V 
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my Gee 7 General 


ee County 
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TABLE 10.—HOW TAX MONEY AND NON-TAX REVENUES OF LARIMER COUNTY 


WERE EXPENDED IN 1928! 


(Based on cash expenditures) 


Purpose of disbursements: 


State: 
Remittance to State Treasurer... Pe ae a tea ae aes ee 
County: 
General government 
Ordinary movernment expenses sce. cs seco 2cveceeeesoeeesas eeeeear sees 
Pigwidation\ of samp ac) ware wit sess ee eae cae creer 
Advertising........ 
Interest om registered) War rams soe eee cece sec eee 
Imterestion coumby Wospitall omg. ene cee see eee ee eeseneeeeeeeene 
Charities 
Poor hospital sec wuts ieyrTn see see rs eee eee reece etree 
Blind benefit 


Mothers’ compensation... 


CER Sv CLS suiraicl ein Wo" icy es eee aR 


Rota ljeenier alli gone rman e Ti tees eee ee on wee 
Educational purposes 
General 
SOC). een ats eae ea ee ey Lr, on ee 
Interest on bonds 
Bond redemption 


Total education 
Total county 


City and Town Remittances: 
Fort Collins general tax 
Fort Collins special tax 
ovelandigener alll: Hace eee eee ere ee ee ee 
Loveland special tax. 
Wellington general tax 
Wellington special tax. 
Berthoud general tax 
Estes Park general tax 
Timnath general tax. 


Total city and town 


Sundry: 
Redemptionse ss ot ae een error = cancer ae ee ae 
Tax rebates..... 


1Auditor’s report, 1928. 
*Hospital pay patients were responsible for $35,303 of this amount. 


$ 212,859.20 


107,385.78 
89,693.00 
3,830.00 
9,206.23 
7,881.80 


$ 217,996.78 


$ 106,003.25? 
4,540.60 
9,560.00 

$ 120,103.85 
$ 265,013.15 


$ 603,113.78 


$ 214,875.58 
449,768.99 
55,599.74 
34,060.37 


$ 754,304.68 


$ 166,200.40 
73,285.24 
56,487.62 
20,465.85 

7,041.55 
2,321.41 
9,039.45 
9,299.97 
1,001.40 


$ 345,142.89 


$ 39,328.13 
616.07 
1,381.17 
57,614.12 

$ 98,939.49 
$2,014,360.04 
202,199.17 


$2,216,559,.21 


$1,357,418.46 
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Cash Expenditures for 1928 


The accompanying chart (Chart 3) shows the purposes for 
which Larimer County funds were expended during the fiscal 
year ending December 31, 1928. Remittances to the state treas- 
urer, secretary of state, cities and towns, tax redemption and re- 
bates are omitted. The chart is divided into two major segments: 
(1) Expenditures for educational purposes, including all current 
cash expenditures, the payment of bond redemption, and interest 
on school bonds; and (2) expenditures for general county pur- 
poses, including all county and district purposes which are not 
educational. 


Expenditures for Education 56.6 Percent of Total 


By comparing these two segments of the chart, it will be 
noted that of the total expenditure of $1,357,418.46, the expendi- 
tures for educational purposes were $754,304.68 or 56.6 percent, 
and expenditures for general county purposes amounted to $603,- 
113.78 or 44.4 percent of the total. This indicates that of every 
dollar expended, 56 cents went for education and 44 cents for 
other general county purposes. 

The expenditure for roads and highways was 20 cents and 
for liquidation of unpaid warrants, 7 cents out of every dollar. 
The poor fund, blind fund and mothers’ compensation amounted 
to 9 cents out of every dollar. Comparisons of functional costs 
can readily be made from the chart, for not only is the amount 
given for each expenditure, but also the percentage that each is 
of all the expenditures. 

Table 10 shows the cash disbursements for the year 1928. 
These figures are misleading unless they are studied in connec- 
tion with Table 8 which shows the amount of warrants issued 
for various purposes. 


Issue of Warrants in Excess of Revenues a Bad Practice 


The treasury warrant is the instrument by means of which 
all county payments are made. It becomes a means of creating 
short-term debt when warrants are issued in excess of the funds 
available for redemption. Over-drafts of this nature mean that 
the holders of the warrants must wait until the next tax collec- 
tion period, or if this is inconvenient, they must accept such dis- 
counts as the local bankers may establish, if any. Warrants 
draw 6 percent interest from the time they are issued until they 
are redeemed. The practice followed in Larimer County amounts 
to borrowing to pay current expenses. The freedom with which 
such loans are made is a great temptation for the county officials 
to expand their expenditures to a level which current revenues 
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will not permanently support, and long-term funding of the tem- 
porary debt becomes the only alternative. 

The item of salaries in the various offices of the county, 
when compared with such expenses as school and road expenses, 
is insignificant. Nevertheless, it is possible to save considerable 
in the matter of clerical help. 


County Clerk Receipts and Expenditures 


The receipts and disbursements for the year 1928 and 8 days 
of 1929 as reported by the county clerk and recorded were as 
follows: 


TABLE 11.—ANALYSIS OF COUNTY CLERK’S RECEIPTS AND EXPENDITURES 


Receipts: 

TRIG GOT CAM PN CSS c meee ee er er ee ee es ee $ 10,431.08 
Clerk to board of county commissioners....--.-.---. 3,060.00 
IMs cellanmie oust e esa eects eee are 3,784.75 
Gemie ame) fishy license feGss nese ee 979.75 
Certificate of tithe fees... eee = ht Aes 5,341.50 
Motor vehicle licenses__..- 108,869.23 
Certificate of title (state)... 1,780.50 
Game/vand fish licenses, (states... 8,533.25 

$142,780.06 
Cash balance Jamuary 1, 1928)... 3,008.21 


$145,788.27 


Disbursements: 
Pane @ommiby treasurer .-<5e25 o.oo. ace ee eee $ 26,079.18 
Paid to secretary of state 73,759.43 
Paid game and fish commissioner..._-.-..--..-.-..--.---.- 8,533.25 
Paid to county clerk Ramer, cash on hand... 37,163.30 
DMs celilanie omsies 5s eee ee ee ee 253.11 
eMotalllciisio tims ern erat cee eee $145,788.27 


Salaries paid by county warrant for the period January 1, 
1928, to January 8, 1929, were as follows: 


Coumitiy clerka  he ae 8 ee eee $- 3,083.33 
TS eau Gh see eee <cceee 2,033.00 
Clerical Mais siis teams ees eee ee eee ee 16,323.65 
CTR eee ae eee ee ee ee $ 21,439.98 


Total fees earned and collected amounted to $23,597.08. De- 
ducting the salaries paid from the earnings of the office leaves 
surplus fees for the period of $2,157.10. The use of modern 
methods and elimination of unnecessary clerical help discussed 
later should increase this surplus. 


County Treasurer’s Office 


Commissions charged to the various funds for the collection 
of taxes and miscellaneous collections as provided for by law 
amounted to $29,487.68, all of which was transferred to the ordi- 
nary county fund with the exception of $27.67 charged off on ac- 
count of cancelled tax receipts and rebates. 
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Salaries paid for the year 1928 were as follows: 
BUSHEL Cin OI cee ee et eee ore toe eater aire Mee eicee mee nO O00) 


Denuineg) 40 2 7,080.00 
Clerical assistants, 4. <...0...-0cceececseeet ee 426.00 
Total... ee Re eee $10,506.00 


Consolidation with rhe assessor’s Wottce would result in con- 
siderable savings. 


Suggestions for Improvement 


Machine Methods Reduce Expenses.—County government in 
all its phases is today face to face with a new set of conditions 
born of modern needs. Up-to-date methods must prevail if ex- 
penses are to be reduced. By reducing the costs, controlling ex- 
penses, and eliminating unnecessary clerical labor, modern busi- 
ness machines contribute to the development of better county 
management. Larimer County can profit thru the use of modern 
business machines in the transaction of county business. With 
modern machines one can get a daily report from practically 
every department of the county, a report posted up to the pre- 
vious night’s closing that tells exactly where the county stands 
today. 


Old Versus New Methods.—An illustration may be given 
showing the comparative clerical operations under the present 
methods’ and the new mechanical system, in the following tab- 
ulation: 


TABLE = 12.COMPARISON OF PEN-KEPT BOOKKEEPING VERSUS MECHANICAL 
METHODS 
Under the Under the 
Pen-kept Mechanical 
Operations Performed Cashbook Bookkeeping 
Systems Methods 


1. Preparation of voucher... ne peter ene 1 1 

2. Posting by automatic pontine adiane ditect: iy accounts................- = 1 
S Jnterine voucher om registers: 2-2-0 c<-..-c.ccces scence epee 1 
4. Posting from voucher to record............. EEL PIO Ta , 1 
5. Adding and balancing voucher record........................ 1 
6. Journalizing voucher record totals. 1 
7. Posting monthly totals voucher Serer 1 
8. Entering warrant on cashbook or recat 8 feoopde, 1 
9. Balancing cash NT pa ae 1 
HOY Posting cash. book oo pe eck eee eae 1 
11. Entering or journalizing for funds... ] 
12. Posting to fund accounts..._.......... is 1 
13. Entering or posting to budget pecan 2 1 
14. Adding and balancing budget accounts ter 1 
15. Adding and balancing general ledger... sk PEs 1 
16. Drawing off trial balance....................... SE ee aoe Er ee 1 

Aiifajirta)| Wey afsyedehiytopats WR > yop eens Me cor eee REAM ey iO Rrra ey acer enero 15 2 


1George Scott, “Coding, vouchering, and centralized purchasing as related to a mechanical account- 
ing system.’’ The American City, Aug. 1929, p. 162. 
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The above tabulation may not include all of the operations 
for keeping the old cashbook systems but it represents the prin- 
cipal operations necessary to keep complete accounts. 


Under the mechanical system there are only two major book- 
keeping operations: (a) Preparation of voucher; and (b) posting 
the voucher. 


Under the old cashbook system the tabulation shows 15 dif- 
ferent clerical operations. The tabulation illustrates the econ- 
omy, simplicity and promptness of information, as the work of 
posting the voucher automatically closes the books, and the ma- 
chine eliminates the mental work of adding, subtracting and 
balancing. 


An attempt to improve the present obsolete method of keep- 
ing records involves a change in the present state laws which 
give in detail the manner in which accounts shall be handled. 
This illustrates why present state laws are hindrances to county 
commissioners who wish to operate the local government effi- 
ciently. 


Need for a Modern Accounting System.—To avoid waste in 
county business, it is necessary to know where and when the 
leaks occur. To find the leaks there must be some effective means 
for detecting them, and of knowing their importance when they 
are found. 


The method of accounting used by Larimer County is ill 
adapted to modern needs. It is practically impossible to obtain 
detailed information on any expenditure without examining hun- 
dreds of individual vouchers. Recently an investigation was made 
by the county into excessive expenditures for soap, disinfectants 
and insecticides by the janitor. In order to check up on this par- 
ticular leak it was necessary to search thru 35,000 vouchers. It 
was only by accident that the leak was discovered even in this 
case. 


With a good system of accounts, leaks like this would rarely 
happen. There are many other leaks but the present system of 
records would never enable one to detect them. 


EK] Paso County records, .as an illustration of good account- 
ing, show detailed expenses in the Outside Poor expense for ex- 
ample as follows: Subsistence, clothing, fuel, rent, county phy- 
sician, county nurse, physicians and surgeons, supplies and drugs, 
hospital care, burials, taxi and ambulance, nursing and welfare 
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worker’s salary. Other expenditures are shown with the same 
detail. 


Information such as this is very important to taxpayers. 
The savings in expenditures thru better accounts would more 
than offset any extra cost of a better system. 


No detailed cost or property record of county real estate, 
buildings, furniture and fixtures, machinery, tools and equip- 
ment, livestock, automobiles or office supplies is kept by the 
county. 


An attempt at an inventory was made by the auditor in his 
report for 1925 which is as follows: 


TABLE 13.—VALUE OF BUILDINGS, LAND, ETC., LARIMER COUNTY, JUNE 30, 19251 


Gourthouse building, prounds and furniture... 6 oe eee $ 80,000.00 
Dwelling, lot 9, blk. 102, Fort Collins 3,500.00 
STEED Papeete ott fae LOAM Ney ara Oro) 24 te Poe eee ten eee anne ocr eae Sts NOR oe OAs eee ogee, Se ee 7,500.00 
Bor ROUSE DIOPerty Ll OW SCC. US 1-OSs. ni scs caters ce eo nce ee eS 103,000.00 
Property ir Handsof road overseers: (estimated) ease cee cee aces eesevenccnesnae 5,000.00 
Lumber and material in yards (estimated)... oc 28,000.00 
Bragianery NG BU DICs CORDIAL CO) sa. ee a ee re ee agen 85,000.00 
FU SEE DB YI (ee mG OG eB a NN ace ene ee ee Dee ee AES 2,000.00 
“DUTP ia pica i pce a ge PROD EN rertet RP Ue che Pe ee ECGRT ee tae PR ce 15,000.00 

PR ea Se a a Se oa ag eR eae se cane wae n sone, ne ce cenaE Pee See $329,000.00 


Note that in three of the most important items, the totals 
were estimated, giving an inventory which is worthless for prac- 
tical purposes. 


No attempt is made by the county highway department to 
study the cost of operating highway equipment such as motor 
trucks, tractors, etc. It is impossible to do this since no records 
of this sort are kept.’ County commissioners are unable to tell 
from the records kept just what it costs to operate equipment of 
any kind. Some of the road equipment is obsolete. A modern 
system of accounting would indicate when and where savings 
could be made under such conditions with little if any additional 


expense. 


While modern accountancy is no cure-all for all evils, it is a 
stop-cock for many wastes. Its orderly application of system 
and method of management, the assurance of its detailed audit, 
the guide of its budget, its light on costs, and, above all, the se- 
curity of its control, will lessen every day the greater wastes due 
to lack of accounts. 
1Auditor’s Report. 


2A system of records which will enable the county to learn the cost of operating highway equipment 
has recently been installed. (Jan. 30, 1930.) 
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Machining of Tax Records and Bills—No man should do 
what a machine can do better and quicker. Every year the county 
treasurer collects city and county schoo] taxes from all property 
owners in Larimer County. Every year he goes thru the same 
process for the collection of taxes. This means a lot of record 
keeping. 


Each parcel of land must be entered annually upon the tax 
roll, with a description as to location, dimensions, assessed valua- 
tion and the owner. One or more tax bills also must be prepared 
every year. In 90 percent of these parcels there is no change 
from year to year in any of the information recorded. The cleri- 
cal detail is thus largely a routine re-copying from year to year. 


Machines Eliminate Unnecessary Clerical Help.—Machines 
can be installed to do the vast clerical work involved in the as- 
sessing of property and billing of taxes every year. A complete 
set of addressing, tax-extending and tax-billing machines and 
equipment necessary for all the county offices involved can be set 
up in a central office. It is estimated that at least one-third of 
the clerical help can be eliminated with considerable saving to 
the county. 


Weld County installed the machine method of handling tax 
records in 1926. The assessor states that under the old long-hand 
system it required 8 clerks employed for 4 weeks to merely write 
the names and descriptions of property. Under the machine sys- 
tem it takes 2 persons 4 days. 


Under the old long-hand system it took 8 persons 6 weeks, 
often working nights, to extend and balance the tax rolls. Nu- 
merous difficulties were had in balancing the books under the old 
system, resulting in many errors. The old system required 2 peo- 
ple for 2 weeks to proofread the records after they had been cop- 
ied in long-hand. Under the new system it requires 3 people 26 
days to complete the valuations and a similar period to extend the 
taxes. 


Errors Practically Eliminated.—When this work is complete 
the records are automatically checked and balanced. In fact, 
under the new system only 3 mistakes have been discovered in a 
period of 3 years. 


The assessor states that this year they have 26,218 tax 
schedules. He stated that about 20,000 of these have land de- 
scriptions, 90 percent of which do not change from year to year. 


April, 1980 Cost or LocaL GOVERNMENT 37 


The treasurer’s office formerly required 4 typists and 8 extra 
workers to prepare the tax statements. Under the new method 
one machine and operator handles all of it. 


Machines Have Paid for Themselves.—The machines in Weld 
County have already paid for themselves. They have saved money 
and time, speeded up operations, simplified record writing and in- 
sured accuracy. 


Weld County has about 135 school districts, while Larimer 
County has 46. The assessments are all kept separate for each 
school district so on this basis one-third of the equipment used 
in Weld County should handle the work in Larimer County. 


Photographic Recording Would Save Money for Taxpayers. 
—The report of the county clerk and recorder shows that $16,- 
323.65 was spent for clerical help in issuing auto licenses, certifi- 
cates of titles, and for recording legal instruments. See Table 11. 


The salary statements show that five persons were employed 
to record, proofread and index legal instruments. 


Photographic recording would save the county between 
$4,000 and $5,000 a year. In addition to a financial saving there 
would be a saving in time and space and the elimination of an- 
noyance due to inaccuracies of hand copying. The services of 
three or four clerks could be dispensed with. A modern machine 
with a life of at least 30 years can be installed for approximately 
$4,000 which will pay for itself the first year. 


Advantages of Photostat Process.—The photostat process 
for recording written documents is both cheaper and better than 
methods now in general use and should be thoroly investigated 
by all county officials. Five distinct advantages are claimed: 

1. Photostat copies of any document can be made and are 

ready for use in a few minutes. 

2. Photostat recording is economical, costing less per folio 

than any other known process. 

3. Photostat prints are accurate, the print being a facsimile 

of the original document. es 

4. Photostat prints are permanent; they will not fade and 

will last as long as the paper base. 

5. Interlineations and deletions cannot be made in photostat 

prints without being detected. 

Summing up in brief form, we might say they have speed, 
economy, accuracy and permanency. Furthermore, they are legal 
and fraud proof. 
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Many local governments thruout the country are adopting 
the photostatic method of recording land instruments, wills, and 
similar documents filed for permanent record in state, county and 
city offices. Some of the counties in Colorado which have adopted 
this method are: Weld, Adams, Arapahoe, Denver and Las 
Animas. 

Opposition to change is a human trait, however. There al- 
ways seem to be ready reasons why new methods, new processes, 
new plans will not be practical. But how many business men 
would return to the office methods of our grandfathers such as 
we find in our counties? Yet in our counties today long-hand 
methods are used in heading tax statements, writing letters, fill- 
ing in tax-collection forms, listing tax roll forms, writing checks 
and doing countless other daily tasks. Machines are doing this 
work for thousands of business concerns and a few progressive 
counties 10 to 50 times faster, with less expense and, what is 
often most important of all, without possibility of error. 


Expenditures for Printing and Newspaper Advertising 
Excessive 


Expenditures for newspaper advertising seem excessive 
when compared with similar expenditures in other counties.’ 
Table 14 gives the approximate amount spent in 1928 for printing 
of election material and legal notices. 


TABLE 14.—PRINTING AND ADVERTISING EXPENDITURES, 1928 


Item Amount 


Delinquent, tax notice. == es ee A ieee ee eee $5,211.60 
Treasurer’s notices................. 288.37 

801.14 
2,194.30 
Fe ee Re aA ae 1,389.06 
SC 1D OO 0a OT G ey ee eee eee ep ignites ete 25.18 
County clerk’s notices... Sct eee, ok Se ae eee x 82.32 


$9,991.97 


Greater publicity of county affairs advocated in other por- 
tions of this report does not necessarily mean added expense as 
some would have us believe. 


At present newspapers carry statements of the county piece- 
meal. Instead of giving the entire exhibit in one issue, a dozen 
issues or so carry the story of county finances. To get the whole 
report it is necessary to clip from week to week, file the frag- 
ments carefully away, and finally assemble all the parts for study 


ISteps have been taken by the county commissioners to reduce the cost of printing. 
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—a tax upon the attention to which the average citizen is not 
equal. As a result the most alert taxpayer throws up his hands 
in despair. It is a good way of confusing the public mind, but 
it is the common way of showing county finances. 

But the money of the taxpayers will be wasted in this fash- 
ion for many years to come unless intelligent citizenship demands 
a businesslike statement of county finances. 

In Larimer County there is no proper assembling of assets, 
indebtedness, receipts and expenditures for the various purposes 
of county business. The present exhibits lack a classification of 
accounts, and therefore nobody can tell exactly how much is 
spent for this or that purpose—say on paupers, the total number 
or the per capita cost; or on highways, the miles built, the aver- 
age cost per mile of the different types of road, the per-capita 
cost of labor or road equipment. 

As a result the average citizen knows little or nothing about 
county finances, about the tax list and the amazing inequalities 
it discloses everywhere; about what the county revenues are 
spent for, and whether they are spent wisely or unwisely, effec- 
tively or wastefully. 

What the county needs is a really worthwhile kind of finan- 
cial exhibit by the board of county commissioners—an orderly 
affair, as it ought to be for the average reader. It should be so 
simple and compact that the average taxpayer can read it and 
get some sense out of it. 

He should be able to see the receipts in detail and in lump 
sums. Under proper headings he should be able to find just how 
much was spent for the various purposes, to whom the county 
money was paid and for what—the total expense of: Paupers, 
the hospital, care and feeding of prisoners, bridges, road build- 
ing and repairs by districts, equipment and materials purchased, 
interest paid, county office commissions and fees, the cost of sal- 
aries, and so on. He should see at a glance what the bonded and 
floating indebtedness of the county is. 

County bookkeeping and reporting ought to be simple and 
uniform, and then there would be some basis for comparing one 
county with another in the details of county business. 

Wherever the business end of county affairs has come under 
strict review and pitiless publicity, amazing inefficiencies have 
been disclosed. 


Jail Expenses Can Be Reduced 


At present the county pays the sheriff 40 cents per meal for 
2 meals a day for each prisoner. The county could probably save 
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by furnishing food and having the sheriff serve it. The cost per 
meal for a superior quality of food at the hospital is about 20 
cents per meal which should be approximately the cost for feed- 
ing prisoners per meal at the jail. This would also remove an in- 
centive to keep the jail full of prisoners. The number of pris- 
oners’ in Larimer county jail was as follows: 

192 Fee ee 264 LOD Ti rece 210 


Interest on Public Deposits 


Interest on daily bank balances for the year 1928 amounted 
to $5,573.40. Larimer County should invite competitive bids for 
public bank deposits in order to secure fair and adequate inter- 
est rates. The experience of those communities has been excel- 
lent where competition has been the method employed to secure 
a more favorable return on the public’s money. At present the 
county obtains only 2 percent, the minimum required by law. It 
is recommended that an earnest attempt be made to secure a 
larger return. The above recommendation applies equally as well 
to school funds. All funds should be deposited promptly to se- 
cure interest on all money. 


Summary 


Expenditures in Larimer County have risen rapidly the last 
4 years with expenditures exceeding revenues every year until 
a large floating indebtedness has been created. 

Every department of the county has shown an increase, with 
the expenditures for roads, schools and general government 
showing the largest increases. 

The county expended more than $1,700,000 in 1928. The ex- 
penditures in 1924 for the same purposes were $1,460,000. 

General governmental expenditures could be reduced by con- 
solidating several departments under one head and by the intro- 
duction of modern business methods in the different offices. Some 
of these changes would require that the state constitution be 
amended before they could be adopted. 

Many leaks go undiscovered because of the inadequate and 
out-of-date system of accounting used at present. 

The assessor could reduce his clerical labor one-third by the 
introduction of modern machine methods in the handling of tax 
records. 

The county clerk and recorder could reduce clerical labor by 
installing labor-saving devices and a modern photostat machine 
for recording legal instruments. 


1Colorado Yearbook, 1928-1929. 
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Expenditures for newspaper advertising seem excessive when 
compared with those in other counties. 

The cost per day of feeding prisoners looks excessive. 

Greater publicity of county financial affairs is advocated. 


ROADS AND HIGHWAYS 


Increasing Importance of Highways.—Demands for highway 
service have been increasing rapidly in Larimer County during 
the past 10 years. Its registered motor vehicles have increased 
from 4,600 in 1919 to 11,693 in 1929. In the latter year there 
was one motor vehicle for each 2.5 persons. 

The number of motor vehicles (passenger cars and trucks) 
in use per unit of population has been consistently greater in 
Larimer County and in Colorado in recent years than in the 
United States as a whole. The number per 100 people has in- 
creased steadily in Larimer County from 19.6 in 1920 to 39.3 in 
1929; in Colorado from 11.9 in 1920 to 28.6 in 1929; and in the 
United States from 7.6 in 1920 to 22.2 in 1929. The figures for 
these and intervening years are given in Table 15. 

TABLE 15.—RELATION OF THE NUMBER OF MOTOR VEHICLES IN USE TO THE 


POPULATION, LARIMER COUNTY, COLORADO, AND THE 
UNITED STATES 


Number in Use per 100 People Number of People per Vehicle 

Year - = 

Larimer United Larimer United 

County Colorado States County Colorado States 
1920 19.6 11.9 7.6 afl 8.4 13,2 
1921 24.4 13.5 8.7 4.1 7.4 11.5 
1922 20.2 14.6 9.6 4.3 6.8 10.4 
1923 25.8 16.4 11.4 3.9 (ajpil 8.7 
1924 31.2 18.4 13.4 3.2 5.4 er) 
1925 Soul 19.7 14.6 3.0 5.1 6.8 
1926 34.3 21.0 16.2 2.9 4.8 6.2 
1927 37.5 21.9 Lio 2.7 4.6 5.8 
1928 37.6 26.2 20.6 2.6 3.8 4.9 
1929 39.3 28.6 22.2 2.5 3.5 4.8 


The map of page 43 shows the location and type of roads 
in each road district. 


The mileage of different kinds of roads is given in Table 16. 
It shows that 3.8 percent of the total mileage was federal aid, 
11.9 percent state highway, and 84.3 percent county road. 


Increased Expenditures for Highways.—Highways account 
for a major portion of the increase in county taxes and floating 
debt, but nothing in the signs of the times indicates any reces- 
sion in highway activity. As motor vehicles increase in number 
the people will demand more, better and wider highways. 
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TABLE 16.—MILEAGE AND CHARACTER OF ROADS IN LARIMER COUNTY 


Expenditure 

Highway Location Character Mileage per Mile 
No. in 19281 by 
Larimer Co. 


Federal 
Aid 
285 Denver-Laramie............--.-.--- 3 en ie Pes 22.6 mi. paved 
38.4 mi. gravel 61 
State 
Highway 
14 Powdine: G ain meee eer eee gravel 69 $611 
16 Big Lhompsonm Canonte a2. gravel 45 884 
66 Bstes Park-Lyons......... Pah Seema gravel 12 435 
al Fort Collins-Cheyenne.....-.....-.....-.-- gravel 41 362 
60 Mast Campion... een seers ee ee aes gravel 3 10 
56 iBerthoucdl @ ito tiesee sere gravel 10 16 
v6 SowthiSik Weeiis ose ocho ee gravel 10. = ee 
UTS ea SG eat ahi a wy eye ec wwe 5 Se a cee ere 190 
County roads Se Se ys ene aed ee ae eee re 1,350 $165 
CG hig Waa Boy et-)I Ub sate ele ete ens ane ens a neh epee Se re pe eee caren ey 1,601 


An analysis of the road and bridge receipts and expenditures 
for 1928 shows that a total of $247,947.18 was collected from 
different sources. Two-thirds of the receipts came from local 
property taxation. The rest came from gasoline tax, motor vehi- 
cle licenses, state highway, fines, Forest Service remittances and 
miscellaneous sources. Table 17. 


A total of $1,802,970 was spent on roads in Larimer County 
in the past 5 years. This is an average of $360,594 per year. The 
warrants issued for road and bridge expenditures in 1928 
amounted to $407,620.62. This amount was distributed as fol- 
lows: County roads, $167,487.06; state highways, $78,178.79; 
special road projects, $10,447.88; and general road expense in- 
cluding garage, trucks, machinery and supplies, $151,506.89. 
These large expenditures left a deficit at the end of the year 
amounting to $159,673.44. Table 17. 


The amount of money that was spent on each road district, 
state highway and project is shown in Table 18. In this table the 
general road fund is distributed according to the method used by 
the highway department. This shows that $65,706 in the road 
fund was undistributed to the different types of road. With a 
good system of accounts this overhead would be distributed to 
the various roads either on a mileage basis or on a volume-of- 
expenditures basis. 


1Excluding undistributed general road expenditures of $60,306.43, The expenditures include capital 
outlay in addition to operating expense. 
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Farmers are taxed to build and maintain the Big Thompson road leading to 
the Rocky Mountain National Park which is used largely by tourists anc 
city dwellers in Colorado 
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TABLE 17.—SUMMARY OF ROAD RECEIPTS AND EXPENDITURES, LARIMER COUNTY, 


19281 
Road and Bridge Revenue: Amount 
Waxes, CULIENt PLO PCTbY <cccc-ce cc-ccccecnneaeeceeeenee-ae-e $163,599.20 
Taxes, delinqtient........-......0.<.-0c0---- 1,162.82 
Gasoline tax... mad 27,000.74 
Motor vehicle licenses................ Tein aes ees 31,310.18 
State highway maintenance...............--....--.--- oe 14,882.65 
Wess eecants Pe RL fr ay ey Sk cna PO Ee POs eo 1,170.08 
MOLERU MOSEL VG! ee eee een teat ee eA ee ee 6,179.79 
INTIS COlTAm cots ter ener ere ieee cee ce oe 2,641.72 
‘Potalireceitsie wees Prior er ere ta oes $247,947.18 
Expenditures: 
Wountyroadidistriche cs ee ee ee $167,487.06 
Skatevhip away esses ine wees ce ee 78,178.79 
Speciaiiroad projects. ee ee 10,447.88 
General road (truck labor, garage) expense, 
road machinery, and supplies...................... =... 151,506.89 
Total expenditures..... ‘ $407,620.62 


LDN Very ts WE pS ae eee ene $159,673.44 


Table 18 shows that of the total expenditures, 54.5 percent 
was expended on county roads; 26.1 percent on state highways; 
16.1 percent on undistributed general road expenditures for su- 
pervision, machinery and supplies; and 3.3 percent on special 
projects. 

Expenditures show that 26.1 percent of the funds were spent 
on state highways which only comprise 11.9 percent of the total 
road mileage in the county. County roads comprise 84.3 percent 
of the mileage and only receive 54.5 percent of the funds. 


Cost Per Mile High on Mountain Roads.—The number of 
miles in each district was estimated by the county engineer since 
no record is kept by the county. Using an estimate of 1,350 miles 
of county highway gives an average expense of $165 per mile for 
1928. The expenditures on the Fort Collins-Cheyenne road 
amounted to $362 per mile, the Poudre Canon road $611 per 
mile, the Loveland-Greeley-Estes Park road $884 per mile, the 
Berthoud cut-off $16 per mile, the East Campion road $10 per 
mile, and the Lyons-Estes Park road $435 per mile. 


Expenditures on the mountain roads are extremely heavy 
in spite of the fact that they do not include $65,706 of undistrib- 
uted general road fund. 


Distribution of Expenditures According to Type of Work 
Performed.—The amount spent for maintenance, surfacing, 
bridges, earthwork, rockwork, drains and culverts, supervision, 
and stock (supplies, truck use, lumber, pipe, etc., distributed 
from the general road expense) is shown in Table 19. 


1Auditor’s Report and records of county commissioners’ office. 


Larimer County spent $611 per mile on this Cache la Poudre canon road in 


1928, which is used largely by tourists and city residents 
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TABLE 18.—ROAD AND BRIDGE EXPENDITURES DISTRIBUTED TO DISTRICTS, 
STATE HIGHWAYS AND SPECIAL PROJECTS, LARIMER COUNTY, 1928! 


Warrants Stock Charged Total Percentage 
Purpose of Expenditure Issued from Road Distri- 
Directly General Roads Expense bution 
County road district: 
Se a ee $ 18,451.72 $ 8,685.15 $ 27,136.87 
PISS at 2c she eee en ee Ss ai 23,027.49 13,559.78 36,587.27 
bse oe ct ei wae grt ee eet ae aaa 43,134.01 14,818.84 57,952.85 
Pe ne dehy Sa Se 16,870.12 1,631.34 18,501.46 
5 629.65 20.20 649.85 
7,128.81 995.90 8,124.71 
2,139.73 257.48 Pes ErAll 
-. TEN AERA Uh cele AAR eo 15,521,138 1,502.72 17,023.85 
6,574.46 2,212.51 8,786.97 
3,881.76 66.40 3,948.16 
2,894.22 168.05 3,062.27 
24,548.29 10,893.85 35,442.14 
2,685.67 26.95 2,712.62 
Total county roads............ $167,487.06 $ 54,839.17 $222,326.23 54.5 
State highway number: 
{ewe 20 ena iar See Si) Oy PE ee $ 9,159.46 $ 5,683.13 $ 14,842.59 
29,798.94 12,344.69 42,143.63 
30,541.66 9,216.76 39,758.42 
G5: Se et ee 165.81 
SPA Rie © a (seen tae a 32.00 
4,474.79 750:75 5,225.54 
4,006.13 53.45 4,059.58 
Total state highway......... $ 78,178.79 $ 28,048.78 $106,227.57 26.1 
Special road projects................ $ 10,447.88 $ 2,912.51 $ 13,360.39 3.3 
General road expenditures 
MRCATTION Cd ee eae Mae $ 65,706.43 $ 65,706.43 16.1 
Gratid total =. $256,113.73 $151,506.89 $407,620.62 100.0 


TABLE 19.—PERCENTAGE DISTRIBUTION OF EXPENDITURES ON ROADS 
AND BRIDGES, LARIMER COUNTY, 1928! 


Percentage 


Maintenatice and dragging. ou .ccec--ecccceeceececeeesenne «= 28008 
Pal tS Ya Re sie SS RS ee a te ie BA OO 30.8 
Mea Pa POON ney 88 Peek ere a ae res senso Maree pe erties TS. 
ENEWN tak fa] UN eek Pac ENe ae Be I Es Ae ane ene 1.4 
UO CWO Mice an SO Se Nye cree cuss oss ye 5.6 
Drains and culverts. a 
SSUES WOM Ae cpanel cman radanions Reena airy, | ee en ten Oe 4.2 
jehed (0 THRE ih cD RS RE mae an = © BA ae nce Ses ane Ut 
Stock (machinery and supplies).......-.......-.....-2-.-.0++ 24.9 

100.0 


1Records from office of county commissioners. See map for location of districts and highways. 
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Snow removal on Estes Park highway—a new service demanded 
by the taxpayers 


The items of expense included in the general road expendi- 
tures are shown in Table 20. 


TABLE 20.—DISTRIBUTION OF GENERAL .ROAD EXPENSE, 
LARIMER COUNTY, 19281 


POL ese eee os Se % 19,037.39 
Drivers and mechanics-..........-...._..... 11,214.47 


Engineering department.. 5,556.32 
Garage expenses — se eee 2,498.25 
Machinery and supplies.................-.--------=.-. 75,122.57 
Tum ber ee a 10,600.14 
TR eee ee ee 2,823.21 
(GPs tte lcd MG eet see cee A ra aire ap erns teenens bance sie 14,214.96 
ASUeT baal eeN GW Gf Wes cee ee Reese ete ele 238.57 
Porplnti=o faye syne see ee ee 2,621.79 
Miseellaneoug 2-2. eee ee 7,579.22 

dl Sy ATH Sena cae oe leone ae ee RES ek $151,506.89 


A detailed statement of some of the more prominent items 
of road equipment purchased by the county commissioners is 
given in Table A in the appendix to give an idea of how money 
was spent. No records of any kind are kept concerning the cost 
of operating any of this equipment, and no inventory or stock 
record is kept to show the final destination of the equipment.’ 


1Records from office of county commissioners. 
*Records were installed in 1929 which now give part of this information. 
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County Commissioners Divide Responsibility for Roads 


Larimer County is divided into 15 road districts under the 
general supervision and control of three county commissioners. 
Each of the three commissioners personally oversees the road 
work in one-third of the county. One commissioner has super- 
vision over road districts 4, 5, 6, 10, 11, 12 and 14; another looks 
after districts 1, 2, 8, 9 and 15; and the third commissioner has 
charge of districts 3, 7 and 138. 


While this practice has something to commend it and has 
proved successful in some instances, it produces divided author- 
ity, makes patchwork of the roads and is not ordinarily desirable. 
Would not one full-time administrator be worth more than a 
dozen part-time commissioners ? 


The county road supervisor should be a trained road man 
and a good executive, who is absolutely free from political obli- 
gations. He should be selected solely on the basis of merit and, 
having been appointed, should be given considerable latitude in 
his actions. He-should be permitted to select his own assistants 
without regard to their political affiliations. So far as possible the 
supervisor should work in harmony with the county commission- 
ers, departing from their counsel only when his greater technical 
knowledge convinces him that they are wrong. The commission- 
ers should determine matters of policy and he should execute 
their orders in the most efficient manner possible. 


The county supervisor should provide himself with a com- 
plete set of county maps showing the location of all roads by 
class and type. Other maps should indicate present roads and 
plans for future construction. The mileage of the different types 
of roads in the county should be available. Other maps should in- 
dicate traffic conditions, traffic counts and other needed informa- 
tion. At present no such maps are available. 


The supervisor should also check the delivery of all road sup- 
plies and keep a perpetual inventory of road machinery and ma- 
terials. It should be his duty to verify all payrolls and all other 
road expenditures. 

A county with as much construction to do as this county 
should employ an experienced road engineer with necessary as- 
sistants. 

The proper maintenance of roads already built is highly im- 
portant. Because of poor management counties have often failed 
to keep up their new roads. This is a mistaken form of economy. 
It would be better to build fewer miles of new road than to neg- 
lect those already built. 
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The public business of providing highway service for these 
fast-multiplying automobiles and trucks, thru the development 
of highway systems, has become an important industry. Suc- 
cessful management of this public industry is fundamentally sim- 
ilar to the management of private business, requiring: (1) Sound 
analysis of the demand for the product; (2) efficient production 
methods; and (3) proper financing. At present Larimer County 
is not meeting all of these requirements. 

The development and improvement of a highway system to 
meet traffic demands within the normal limitations of funds re- 
quire careful planning over a period of years. Plans must be 
made at the present time to meet future traffic demands, and im- 
provements must be made so as to provide adequate service thru- 
out the life of the highway or bridge. 

The demand for highway service can be measured only by an 
accurate and comprehensive study of the present traffic, its vol- 
ume and type, upon which prediction of future traffic must be 
based. 

To meet this purpose the following specific information is 
needed in Larimer County: 

1. The relative importance of the highway systems within 
the county as a basis for determination of the need for their im- 
provement and the distribution of funds among the systems. 

2. Classification of highway routes and sections of routes 
on the basis of the volume and characteristics of present and ex- 
pected future traffic, involving: (a) Average, maximum and fu- 
ture total traffic and truck traffic; (b) present and future num- 
ber of small, medium and large-capacity trucks; (c) present and 
future maximum loading and frequency of heavy gross loads and 
wheel loads; (d) present and expected future special traffic move- 
ments; and (e) present and future number of foreign (out-of- 
county) registered cars. 

3. Establishment of a plan of highway improvement for a 
period of several years. 


County Should Spend Its Road Money Logically 


As a suggestion for the allotment of available money to vari- 
ous classes of roads, the principle may be laid down that each 
vehicle is entitled to have spent upon the road it travels the pro- 
rata share of the highway funds that it supplies by gasoline or 
other taxes. This principle will call for expenditures to be al- 
lotted on the highways according to the traffic. For practical ap- 
plication, the county road system should be divided into groups 
according to the traffic density, and all road building and mainte- 
nance co-ordinated into one plan. 
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One and one-half million dollars worth of sugar beets were hauled over 
Larimer County farm-to-market roads in 1928 


This grouping naturally calls for a traffic survey of the 
county, but it is believed that in order to build a highway system 
adequately and ecomonically, a traffic survey is essential, so that 
the flow of traffic may be known and properly provided for. A 
comprehensive traffic survey would naturally classify the roads 
on a basis of their potential traffic rather than on the actual 
traffic count prior to improvement. Highway planning of today 
must be made with traffic requirements of the future in mind. 
The proportion of the total traffic on each group will give a basis 
for allotting the highway funds. Such a survey might save years 
of haphazard planning as well as several thousand dollars to the 
county’s taxpayers. 


The Cost of Roads in Larimer County Too High for Local 
Taxpayers to Bear 

A traffic survey of the roads of Larimer County will show 
that a good share of them are no longer local roads. In nearly 
every instance our improved roads are a part of some system of 
highway that extends from one border of the state to the border 
line on the opposite side of the state, or it is a link in a nation- 
wide highway. 

These roads should be built and maintained as a state-wide 
proposition and this should be purely a state operation. In addi- 
tion the state should aid the county in building up a secondary 
or lateral system of highways. 

The support that comes from the state and federal sources 
should be proportioned to the present use of the highways and 
should anticipate greater future use especially of our mountain 
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roads by those outside of the local community. Roads which 
should receive more aid from state and federal sources are the 
Big Thompson road, the Lyons-Estes Park road and the Poudre 
Canon road.’ 


Justice in taxation requires that a part of the burden now 
borne by farm property in Larimer County to build and maintain 
these roads should be transferred to other sources of income and 
that a larger part of the total revenue for this purpose be ob- 
tained from taxes levied on larger territorial units. 


Present System of Highway Accounts Inadequate 


An accurate measure of expenditures for highway purposes 
in Larimer County is practically impossible because of lack of 
mileage records of highways in each district and lack of segre- 
gation of expenditures on each type of road. 


Larimer County has charged all capital outlay expenditures 
to the operating costs of the year in which the expenditures were 
made. Under this system of accounting, the county makes ex- 
penditures for capital outlay year after year and makes no ledger 
account of property so accumulated. It is therefore impossible to 
make comparisons of operating costs from year to year because 
capital expenditures vary greatly. Much of the work classed as 
maintenance should in reality be charged to new construction. 


Property account records should be kept for each district 
in order to show true operating costs. It is suggested that the 
county commissioners of Larimer County study the system of 
accounting used by El Paso County. The auditor’s report for El 
Paso County for 1928 gives a great deal of information concern- 
ing the roads, practically none of which is available in an intel- 
ligible form in Larimer County. For example, (1) separate ac- 
counts are kept for each truck and tractor, (2) garage expense 
is segregated and (3) detailed records are kept of all equipment. 


Summary of Section on Highways 


Road development has reacted to the benefit of the county, 
and as good roads were extended, transportation and commerce 
have shown increases. Farm conditions have improved and prop- 
erty values have been enhanced. 


The motor registration increased until there was one motor 
vehicle for each 2.5 persons in 1929 compared with 5.1 in 1920. 


1On December 3, 1929, in a talk before the Kiwanis Club of Fort Collins, the writer pointed out that 
it was unfair to ask Larimer County to build and maintain a highway to the Government parks 
used extensively by tourists and out-of-county residents. 

On December 5, 1929, representatives of the Chambers of Commerce of cities of northern Colorado 
in a joynt meeting in Fort Collins took immediate steps to find a way of making the Big Thompson 
Canon road a 100 percent federal road to the Rocky Mountain National Park. 
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Larimer County has 1,601 miles in the road system classified 
as follows: Federal aid, 61 miles; state highway, 190 miles; and 
county roads, 1,350 miles. 


The total highway receipts were $247,947.18 and total ex- 
penditures $407,620.62, leaving a deficit of $159,673.44 for 1928. 


The expenditure per mile for some of the more important 
roads in 1928 was as follows: Poudre Canon, $611; Big Thomp- 
son, $884; Estes Park-Lyons, $435; Fort Collins-Cheyenne, $362. 


The county needs to make a traffic study in order to spend 
its road money logically, and in order to save years of haphazard 
planning for the future. 


It is suggested that the county commissioners place the en- 
tire highway system under the supervision of a capable road su- 
pervisor, selected solely on merit, who will be permitted to select 
his own assistants such as the engineer, district road supervisors 
and other assistants.’ 


CHARITIES, HOSPITAL AND COUNTY-FARM 
EXPENDITURES 


Outside Poor Relief 


Outside poor relief is given to persons who remain in their 
home rather than in an institution and is authorized primarily 
where the person requires temporary relief, is sick or disabled 
thru injury or age, so that he cannot be conveniently cared for 
at the county home or hospital. 


There are many occasions when it is more humane as well 
as more economical to grant outside aid than to attempt to keep 
the persons at the county home. This is especially true in the 
case of old people who have friends or children willing to give 
them care but who are financially unable to support them, and in 
the case of dependent widows with minor children. 


The average number of cases receiving aid during the year 
is about 150, increasing to 300. during the winter and early 
spring. 

Expenditures for the poor have risen rapidly and the prob- 
lem of caring for the poor is becoming increasingly serious. Out- 
side poor expenditures increased from $13,896 in 1924 to $33,138 
in 1928, or an increase of 138 percent. Expenditures for 1924 to 
1928 are shown in Table 21. 


1Attention is called to an excellent report on ‘‘Road Cost Accounting Plan for Solano County, Cal- 
ifornia,’’ California Taxpayers’ Association, Los Angeles, California. 
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TABLE 21.—OUTSIDE POOR EXPENDITURES IN LARIMER COUNTY, 1924 
TO 19281 (ON THE BASIS OF WARRANTS ISSUED.) 


Percentage 


Year Amount Increase Over 
1924 
1924 $13,896 Bee 
1925 18,910 36 
1926 21,856 57 
1927 26,365 90 
1928 33,138 138 


There are several causes for the increase. The increase in 
the sugar-beet acreage has brought in a larger number of Mexi- 
cans, many of whom become a charge upon the county, especially 
during the winter season. 


In some cases the husband or son who is depended upon to 
support the family is sent to jail or the state penitentiary and as 
a result the family becomes dependent upon the county for help. 
Work of some sort needs to be supplied such prisoners so that 
they can help support their families. This problem has been rec- 
ognized by the commissioners, but the solution is extremely 
difficult. 


The tendency is for a case to become a permanent charge 
upon the county after once receiving help. It seems that a cer- 
tain type of people does not hesitate to ask the county for aid and 
it is extremely difficult to eliminate these cases. Primarily it is a 
problem of good administration and requires that the officer in 
charge of the poor fund have a complete history of every case 
seeking aid from the county. 


Relief has often been granted to those who have near rela- 
tives well able to care for them. The solution to this problem is 
to find some method of forcing relatives to provide help. 


Another abuse that should be corrected is the practice of 
granting cash payments which are often wasted for unnecessary 
things instead of the proper food or clothing. The willingness of 
great numbers to accept cash contributions suggests that their 
requests for aid are not always deserving. At present the quality 
of the goods furnished is left to the discretion of the merchant 
selling them. A ticket or order system calling for a certain defi- 
nite amount and quality of supplies should replace this system 
in many instances. 


Many non-residents who come to Colorado in order to recover 
their health have small financial resources and soon require aid 
from the county. 


1Auditor’s Report. 
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It is evident that the dispensing of outside poor relief is 
likely to be accompanied by a great deal of wastefulness unless 
there is very careful supervision. Each case needs to be thoroly 
investigated before aid is granted. A case worker who could co- 
operate with all the welfare organizations in the county and ex- 
change records of all persons receiving aid would help to keep 
the expense down. The large expenditures justify a full-time 
trained worker.’ 

A well-planned and ably directed budget would be of consid- 
erable assistance in keeping down the expenditures in this de- 
partment. 

A serious attempt should be made to provide employment 
for the unemployed. A great deal of effort should be made to 
discover and remove, if possible, the sources of poverty. Tax- 
payers should cooperate with county officers in solving these prob- 
lems thru different organizations. A welfare worker should 
search out and render assistance to those who are likely to be- 
come public charges later. Rehabilitation work should be encour- 
aged and an opportunity given to learn a trade where it is needed 
so that one may become a self-supporting member of society in- 
stead of depending upon the county for support. 


Larimer County Hospital 

Larimer County has an excellent hospital built in 1925 at a 
cost of approximately $175,000, with a present value of $225,000. 
It is the only hospital in the county*® and therefore provides for 
cases other than charity cases. From 70 to 75 percent of the 
cases are pay patients, so called to distinguish them from the 
charity cases. The hospital was built and is supported by the tax- 
payers. The county home is operated in connection with the hos- 
pital so it is therefore difficult to segregate expenses. The prac- 
tice is to charge all expenses against the hospital and to make 
certain flat charges against the home in order to show its share 
of the expense. 

The annual expenditures for the hospital and home from 
1924 to 1928 are given in Table 22. 


TABLE 22.—LARIMER COUNTY HOSPITAL AND HOME EXPENDITURES, 


1924-19283 
Year Amount 
Et: Re na cy ARPT eee tS BL 9h pi 
1925... aa Bee LO OG 
1926....... : Bernese (DOUG: 
1927... : Sone meena ema oon Atay?! 
1928.. 70,091 
1During 1929 the county provided an official who devotes practically all of his time t» the adminis- 
tration of outside relief during the winter months and part time to it during the summer. 
2T wo small private hospitals were recently established in Loveland in 1929 with a bed capacity of 6 


beds each. 
3Auditor’s Report. 
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Altho the foregoing figures indicate a large increase in ex- 
pense it must be remembered that the net expense to the county 
did not show such a large increase because the earnings received 
from pay patients after 1925 offset part of the expense. 

The pay patients more than pay their way so far as the oper- 
ating expense of the institution is concerned. The expense of pay 
patients as shown in the hospital reports and the auditor’s re- 
port, however, does not include a charge for interest on invest- 
ment or make an allowance for depreciation on the building. 
When these charges are included as part of the total expense the 
result shows a loss of $3,955. 

Rates Charged for Hospital Service—The problem of pro- 
viding hospital care to the citizens of Larimer County is largely 
a question of cost. To the patient, of course, the price charged 
for hospital care is a matter of extreme importance. The hos- 
pital is also concerned in this matter, for no institution can ignore 
the relation of income to expenditures. 

Hospital charges are of two sorts: First, the daily or basic 
rate for room or for bed, including food, nursing and such sery- 
ices as the hospital provides under general care; second, extra or 
special-service charges. 

The basic daily rates charged for beds in various types of 
accommodations are shown in Table 22a. 


TABLE 22A.—THE RATES CHARGED FOR HOSPITAL SERVICES FOR PAY 
PATIENTS, LARIMER COUNTY HOSPITAL, JULY 1, 1929 


DP Diy et @ar © Os er, come cake ore eee en ee ee ee eee eee REO LOUNGE CEN, 
Two-bed rooms, each bed... 45001 se ee 
Wisin Gig aes: 0. etn os aiotes Rea Men eee itera ei aN 7 250) ee 


Operating nO omy. eee eee Cee ee ees 15.00 major 


Operating no or seater ees ee er 7.50 minor 
X-Rays as per schedule, State Compensation Insurance Fund. 
Casts—body eerso 5: ese ee ene sa ne ae ane 7.50 each 
Case = Tintin t,o eae eee © ee RA ones AR IN Se 5.00 
WN oll ou WpaYsy 2 eee meee se eee Rik eth ey ee ei Se Bn ae .25 per mile 
Maternity cases: 
Wardiibeds\ 52.22 ences ce see tee $ 4.00 per day 
Two-bed rooms Op oe 
Priviale tO Om ss ae enserae sean eee Peeeev en ery awe eens Ae G22 Dimes 


This includes delivery room charges, care of baby and use of baby clothes. 
Operating room charges include ether, dressings, sutures, nurses, ete. 
X-ray pictures include up to three pictures. 


The earnings from pay patients and expenses for the year 
1928 were as follows: 


Barnib ges. 2 ee ee ee oe eee Rd $41,594.38 
Operating expenses___ eee hee as os $35,302.80 
Accounts charged! offs ees ae 2,161.09 37,463.89 


Surplus earnings over operating expense... $ 4,130.49 
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The earnings of pay patients in 1927 was $36,135 and the 
operating expense $33,370. 

The cost to the county for hospital care of county charity 

patients for 1928, taken from the auditor’s report, is as follows: 


Operating expense county patients... $16,078.63 
Less 

Collections._....... iO ge et ties fSEB EE NE oer $ 685.90 

Surplus earnings pay patients... erick. 4,130.49 4,816.39 


$11,262.24 


The average number of pay patients per day was 26 and 
county patients 11, a total of 37. 


In 1928, 70 percent of the cases were pay patients. Seventy 
percent of the total cost, including interest on investment and de- 
preciation, amounted to $45,549. The total earnings from pay 
patients amounted to $41,594, leaving a deficit of $3,955 to be 
paid by taxpayers. An increase of approximately 10 percent’ in 
rates would cover the actual cost, including interest and depre- 
ciation, of caring for pay patients and take care of many accounts 
which are charged off annually because of non-payment by pay 
patients. 


The other alternative is to reduce costs thru better manage- 
ment or by increasing the bed capacity of the hospital so as to 
take advantage of a reduction in cost due to a lower overhead cost 
per patient. The present heating plant and kitchen will take care 
of another wing addition. The hospital was built in the first place 
to serve the people and to give as many people as possible good 


1An increase of $1.00 a day in rates charged at the Larimer County Hospital was approved, effective 
Oct. 15, 1929, since this section was written. The new rates are as follows: 
Percentage 
Increase 


TEV BTC OOS eo ee cee eee. | eh OOO per day, 20 
TiwO2b GCL MOOMOAL- ssemtere nen ee ec een, : (0) ee 25 
Na pet gulls (6h eee coe TOPE an MRR RERE oop: ae ince een Se pyyey Ms eG 40 
Operating room.__............... Nee ABI as Pre 15.00 major none 
Operating room... : 7 cee = a 7.50 minor none 
Maternity cases: 

Private TOO, 225. -2-n--: 7.25 per day 16 

Two-bed room..........- oaee - 4? Ai 5y 19 

Ward beds........... ee eee ans eee OO a 25 

Babies under 1 year._ Pendent : : : lO ie 
Contagious hospital: 

Ward beds... nee ns AR Bee 6.00 per day 

Special Wursei. eer a tees en ae ny B00 a 
Fees for routine labsentoey tests: 

Obstetrical case... ..-1...-..--—.---. Saat Hence 1.00 

Tonsil case.......... 1.00 

Medical case.. 3.50 


Surgical case.. Ra en Nr er Peer, 5.00 


The 1929 auditor’s report shows surplus earnings of only $1,463.49 or $2,667 less than in 1928, 
when the low rates were in effect. 
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hospital service at a low cost. It would probably be a good invest- 
ment to enlarge the present hospital and also the home if some 
practical method can be found to finance the cost of building the 
addition. 


The county as a whole ranks rather low in hospital facilities 
when ranked on the basis of hospital beds. The average for the 
United States in 1928 was one hospital bed for every 134 people.’ 
The average for Larimer County in 1928 was one bed for 744 
people. This indicates that the county can stand a considerable 
increase in hospital facilities. 


According to the superintendent of the hospital the present 
institution is overcrowded. The present capacity of the hospital 
is 40 beds. The hospital does not have sufficient bed capacity so 
that any particular section may be set aside for any special class 
of cases. Hence many patients who are able to pay their hospital 
expense must of necessity be placed in the ward at the minimum 
rate, at which rate the county is losing at least $1.00 per day. 


The following statement gives the hospital operating cost 
per patient per day for the last 4 years. 


TABLE 23.—HOSPITAL OPERATING COST PER PATIENT PER DAY, 1926 TO 19292 


1926 1927 1928 1929 
Average number of patients per day... 25 34 3 40 
Average operating cost per patient........ $3.48 $3.55 $3.80 $3.84 


The cost of meals ranges from 18 to 24 cents per meal. 


Hospital service is expensive, and developments in medical 
science and hospital management may add new elements of cost. 
It is possible, by increased efficiency of administration, to reduce 
costs somewhat. It is also possible to equalize the burden of hos- 
pital costs or to lessen their impact upon individual patients by 
readjusting the services, making changes in structure and admin- 
istration in order to provide facilities better adapted to the needs 
of patients of moderate means. 


Table 24 gives the hospital earnings and expense in detail 
for 1928 and per institutional day. 


Table 24 shows that the total expense, including interest on 
investment and depreciation supplied by the writer, amounted to 
$65,070.43. The total earnings from pay and county patients cred- 
1The committee on the cost of medical care, ‘‘Medical Facilities in the United States,’’ Washington, 


1). C., 1929. 
2Auditor’s Report. 
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TABLE 24.—COUNTY HOSPITAL EARNINGS AND EXPENSE, 1928! 


Cost and 
é, Earnings per 
Institutional Day 
Earnings: 
(EVO pItAl Ren WiGh: 8 sees So ee Se ee! $42,639.50 $3.15 
U7 eS ah sari] 20 09 eee aeRO ated oA rele oles AO ee se eer a a 7,239.50 Alay} 
OSES eit cia el She A uty ea gE? SUPE Dh OER Pied EMER eer 1,089.50 
Board special nurses. 842.30 
Ambulance... 706.00 
POEs ETGESINES, CU Cc ne nee en een merce cect ate 413.77 82 
Pontasiountward.ee a ee Pe 1,077.50 
ALT Cee ke ee ieee ee eG Ae Fee oa Ee 177.00 
Splints and casts. 99.00 
$54,284.07 $4.00 
Operating expense: 
Salaries— 
Niirsexise yoo eee ee ar SOO pee ae eee $16,358.41 $1.21 
Operating room.. 1,684.26 13 
STP AEN eee a ee SE eee 1,200.00 .09 
NE Or eee ne ee an ee enone ere 2,049.48 ol 
OSs ee eae MEE aes ee ee re EN 599.12 04 
$21,891.27 $1.62 
$ 797.66 .06 
168.53 O1 
Repairs Le ee ee ee 1,076.50 08 
race. cnedieal supplies 22.5.2 es coe eee ec 2,327.51 7 
Belegraph and telephone. Mw oe on sree ree menee 323.06 .02 
LEAP aes re svete Mes meks Wi nth fet Rion SS 6 oie neces meee ae oe ea 3,736.49 27 
Wriet cates. «2 5. eSee. Ah, ET aurea aie De fy Soo, cae ee ee 612.66 05 
Urs Dita Oa sal eed ale ieregelien Meare a ae ee, ee 13,119.95 97 
Daun. 4,644.68 34 
2) o) es Be eee ee ee a eee ee 82.57 O01 
(Dizi) eet eat eae 426.42 .03 
I Rese F yahoo} Us rg bu) Ut: jy meee ee ae PR ae se meen hymen oe 468.27 O04 
ag LU ho ee Re i A RL Ro Eee ee oa 69.88 OL 
Printing and stationery...........--..-... 262.60 .02 
Contapiaua award 2 Me eee ee hee eee ees 893.05 06 
NNER RC POLLAN ee en A ra ne 721.32 .05 
Residences 0 ct se 2 ee 203.04 O01 
LGifoj hose) feed ee Nee, Cop ereye Wekoe om 93.20 OL 
Collection Expense. oo 2-sn ce -acaccansnonneeoeootes 99.18 OL 
$30,136.57 $2.22 
Total operating expense... $52,027.84 $3.84 
Accounts Charged) Offs. nceen---neeooese secreocc-ce-a-es % 2,161.09 16 
Interest on bonds.................-....... = 7,881.50 58 
Depreciation on buildings.......................... ; 8,000.00 .22 
A Boyiy Urs q 0.0: eee anne ene ee ee $65,070.43 $4.80 
ID YAnC yee sR ee Soe $10,846.36 


auditor’s report. 


1Cost per institutional day, interest and depreciation calculated by the writer; other figures from 
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ited to the hospital were $54,284.07, leaving a deficit of $10,- 
846.36. If interest and depreciation are excluded from the above 
figures the result shows that earnings practically offset expenses. 

The last column in the table shows the institutional cost per 
day or the cost of 1 patient for 1 day. There is 4 cents difference 
between the writer’s operating cost figure and that reported by 
the auditor, due to the method of calculating the cost. The total 
cost amounted to $4.80 per patient, including all charges. The 
cost of nursing amounted to $1.21 per patient; medical supplies 
amounted to 17 cents; and the cost of food 97 cents per day. 

It is recommended that a careful study be made of the needs 
of the hospital with the view of ascertaining the advisability of 
having a county central purchasing department handle all the 
purchasing requirements of the hospital, in order to bring about 
the greatest efficiency and savings to the taxpayer. 

It seems reasonable to believe that costs could be reduced if 
the superintendent of the hospital could be selected from men 
trained for hospital work rather than for some business or pro- 
fession, even if the county had to pay a higher salary. The hos- 
pital superintendent should be selected on a merit basis only, re- 
gardless of his political affiliations. 

County Home.—The operating expense of the home for the 
period was $12,147.87. Deducting the cash receipts, $282.70, 
leaves a net expense of $11,864.31. 

The average number of inmates was 23.5 and the average 
cost per inmate per day was $1.38. 


COUNTY HOME EXPENSE 


Operating expense: 


RSIS EET acts Ieee rere Merete ad gE eR oe oe seo $ 2,501.92 
CO aa os ea te en eee ee a te ee se 113.62 
LUG) OV Not Soe aie ene be Napa ce rape ernest Ose es 167.84 
Rep air gies cia see es ee en ee ee Ne 101.45 
Miedicallipupplies:cee eee een eee ee 38.24 
Melephione eee se cere eee ee ee ee ee eae 55.00 
Lightiandtheat ts.) See eae eee 1,490.68 
HO OG: ete nk 1 eee ee ee 6,456.53 
Wanted rey? eee ee ee ne ee 438.82 
AAU) C9 ie eee weet Se eae Se at gpd Neer LURE 81.12 
TBAT D Gio een ae. meee ke ree ane Oe eee ee Cee 131.00 
Household'supplies= a ee 227.57 
193.34 

90.35 

59.89 

$12,147.37 

Collectors ise oes eee eee Oe ere eee $ 282.70 


Poor Farm.—tThe receipts from sales together with the farm 
products used in the hospital amounted to $3,887.25. The oper- 
ating expense was $3,233.86, leaving a surplus for the year of 
$653.39. 
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COUNTY POOR FARM: EARNINGS AND OPERATING EXPENSE, 1928 


Sales: 
CO De eee Mie Bee Se aes sa ee Ate Oe OR $ 132.10 
a OU 8 Sek a car Stee Ba ae nee iin eer Sly ha. een eee 1,613.40 
436.26 
305.49 
491.05 
469.60 
12.10 
427.25 


of BCs :)) (sae 8 aera ee INO far PRD ee Pee rE PRE $3,887.25 
Operating expense: 

SA anies cc ste eee Noe x eee ee dea $1,284.05 
ee Sie excl ee owas Ow Ree nee ee 705.70 
Chickens and chicken feed... 220222 eee 383.43 
PODS oleh ee Nae oe eee ee ee ees OR ok ese ee 300.86 
Hoge,and bog feeds = ae ae we es sae 134.65 
e765) On OG Ge meee eee nee een ee ce 168.67 
ee er en ee ee a 37.01 


LB CGS ay 2 Ben, Sa a er ea By tem erg wee ee $3,232.86 
Surplus before interest or depreciation charges.............. $ 653.39 


Summary 


Expenditures for the outside poor have risen 138 percent 
since 1924 and the problem has become serious. 

It would probably be a good investment to enlarge the pres- 
ent hospital and hire a superintendent trained in hospital work 
in order to reduce the costs and relieve the present overcrowded 
condition. 


The county ranks rather low in hospital facilities when 
ranked on the basis of persons per hospital bed. 


The operating cost per patient per day amounted to $3.84 
while the total cost, including interest and depreciation, was 
$4.80 in 1928. 


Approximately 70 to 75 percent of the patients are pay 
patients. 


The pay patients more than pay the operating costs, but 
show a small loss when depreciation and interest on investment 
are included. 


The county commissioners recently raised the rates from 20 
to 40 percent on pay patients, with the idea of increasing the re- 
turns from pay patients. 


¥ 
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Returns from pay patients show a decrease in surplus earn- 
ings for 1929 due to the present high rates, indicating that pres- 
ent rates are too high. 


LARIMER COUNTY INDEBTEDNESS 
Bonded Indebtedness 

Property owners of Larimer County faced a bonded indebt- 
edness on January 1, 1929, of $4,292,810 in county, school district 
and municipal bonds, or an average of $144 for every man, 
woman and child in the county. 

The bonded indebtedness in Colorado on January 1 was 
$107,783,076, or an average of approximately $100 per capita. 
Figures for other counties compared with Larimer County are as 
follows: 


TABLE 25.—COMPARISON OF BONDED INDEBTEDNESS IN FOUR COUNTIES 
IN COLORADO, JANUARY 1, 19291 


Kind of Indebtedness Larimer Pueblo El Paso Weld 
County general... Firs. eae tee ee: $ 175,000 $$ 75,000 $ none $ none 
Sehoollidisttriet-=.....0-... cece susan Ld54500 1,636,300 1,668,500 2,774,400 
Genenailimumiei pals eee ree OTE OOO 635,000 4,092,000 1,150,000 
Pesignr= out uy sain) 92)] Welnane tea foun Pe SEE Ee Ou 756,510 3,631,000 364,100 245,550 
mMotalle. pee seseeee------- $4,292,810 $5,977,300 $6,124,600 $4, 169, 950 


Table 26 gives the bonded indebtedness of Larimer County 
in detail, showing the amounts to be repaid for each dollar bor- 
rowed thru the levying of taxes. 


Ultimate Cost of Bonds Should Be Considered.—A study of 
the bonded indebtedness of the county and school districts of 
Larimer County shows that there is a need for a broader under- 
standing of the methods of financing school and county indebted- 
ness. If the taxpayers of Larimer County realized, for example, 
that on the total of all county bonds there must be repaid $2.12 
for each dollar borrowed and on the total of all school district 
bonds there must be paid $2.15 for each dollar borrowed, more 
attention would be given to this important subject and fewer 
bonds would be voted by the taxpayers who are directly respon- 
sible for the bonded indebtedness. The amounts to be repaid for 
each dollar borrowed thru the issuing of bonds should receive the 
attention of all taxpayers, as these figures show where a consid- 
erable portion of the county and district funds are being ex- 
pended. Table 26 shows that the amount which must be repaid 
for each dollar borrowed pe from $1.28 as a minimum to 
$2.92 as a maximum on the 36 different bond issues. 


‘State Board of Immigration, report 1928-1929. 
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How Interest Payments Can Be Reduced.—Taxpayers wonder 
how these heavy payments can be avoided. In many cases inter- 
est payments could have been reduced or avoided: (1) By taking 
care of the expenditures thru a slightly higher tax rate; (2) the 
cost could have been reduced by issuing serial bonds at reason- 
able rates with the redemption period starting within 2 years; 
(3) in other cases the bonds could have been provided with cal- 
lable dates and redeemed during periods of prosperity: (4) bonds 
should be issued only in cases of unusual expenditures where this 
method of financing is shown to be desirable; (5) the school dis- 
tricts and county should, as far as is consistent, adopt the pay-as- 
you-go plan; (6) each proposed bond issue should be carefully 
considered and studied as one means of financing, and it should 
be compared with all other practical methods. 


First of all, school districts and counties must know what 
qualities or features they need when issuing bonds. It is sur- 
prising how few districts give much thought to what kind of 
bonds they should issue. To issue bonds that really fit the indi- 
vidual needs of the county and school districts there must first 
be a searching analysis to determine what these needs are. For 
instance, the several terms, interest rates, the cost of the bond 
issue and the final cost to the taxpayers. Often it will pay school 
districts to defer action for uncertain changes in the bond mar- 
ket. Prices may or may not go lower or higher as the case may 
be. It might pay to issue short-term bonds with the idea of re- 
funding the issue when conditions are more favorable. 


Small Bond Issues Should Be Avoided.—Small bond issues 
which are for less than $5,000 should be avoided, if possible, for 
the cost of legal opinion, election, printing, advertising, etc., is 
an added cost out of all proportion to the size of the loan. In 
Larimer County there were 7 small bond issues outstanding April 
1, 1929. The interest rates are higher than the average on these 
issues and the amounts to be repaid for each dollar borrowed are 
much higher. Timnath, district 21, for example, issued bonds 
for $2,500 at 6 percent running for 40 years which will cost the 
taxpayers of that district $2.92 for each dollar borrowed or $4,800 
in interest alone. The improvements for which this bond issue 
was made, passed out of existence 20 years before the time came 
for redemption. Such small issues as these are certainly ques- 
tionable methods of finance. 

That the term of the bond should be confined to the life of 
the improvement is elementary. The life of the average bond 
should not exceed 20 years. Of course the principle has been 
much abused in practice as in the case cited. 
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Payment of Principal Should Not Be Deferred Too Long.— 
A period of from 5 to 15 years should not be permitted to elapse 
between the date of issue of bonds and the date of the first re- 
demption. For example, Wellington, district No. 34, has a bond 
issue of $61,000 where the period for bond redemption is deferred 
16 years before the date of the first redemption begins. Because 
of the deferred payment of principal, bonds have been issued 
which are very costly. In 27 out of the 36 district bonds, the 
interest charges have equaled or exceeded the capital borrowed. 


Callable or Redemption Features Should Be Provided.—Pro- 
vision for callable dates should be provided for in future bond 
issues. The last column in Table 26 gives the dates when bonds 
are callable and shows that no provision whatever was made to 
call bonds in many cases. 


Forms of Bonds in General Use.—In considering the issuance 
of bonds, the two forms in general use are term and serial. Term 
bonds mature after definite periods and require a sinking fund to 
be set aside out of taxes or other sources of revenue to meet the 
principal when due. Serial bonds are retired annually or at other 
definite periods in regular installments, a fixed portion of the 
issue being retired each year or at each maturity date. The serial 
bond is the cheapest and is the most popular for financing 
schools, highways, etc., and is rapidly replacing sinking fund 
bonds in county financing. This type is particularly adapted for 
financing operations which by their very nature involve a depre- 
ciation of property. If the retirement of the bonds is faster than 
the depreciation of the property, then the difference between out- 
standing bonds in any one year and the value of the property may 
be termed the margin of safety. 


Term or Sinking Fund Bonds.—The principle of the sinking 
fund is used on most of the county and school bond issues in Lar- 
imer County. It is the general opinion, however, that sinking 
funds are wasteful because they are liable to misappropriation, 
abuse, market depreciation, or actual loss from poor or declining 
credit. The successful sinking fund requires considerable finan- 
cial ability in its management; it is likely to be bad in the case 
of small school districts and counties where little ability is found 
among public officials. 


Now that investors have come to prefer serial bonds to sink- 
ing-fund bonds there is no rational excuse for the latter. 


Serial Bonds.—On account of the defects of sinking funds, 
it is now becoming the custom to employ serial bonds instead. 
This departure is to be looked upon as a decided improvement 
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upon the sinking-fund method of retiring obligations. Public 
obligations, if retired at all, must be retired thru funds accumu- 
lated over a period of years out of taxation, since it is impractical 
to levy taxes sufficient in any one year to cancel large loans. If the 
bonds are arranged so that a certain percentage of them mature 
each year, taxes may then be levied sufficient to meet the interest 
on all obligations remaining outstanding and also to meet matur- 
ing issues. This reduces both interest and principal annually and 
at the maturity of the last bond the entire debt is canceled. 


A few serial bonds have been issued by the school districts 
in Larimer County. These bonds represent advanced methods of 
financing and more districts should adopt this method of financ- 
ing bond issues. 


The author suggests that serial bonds should be compulsory, 
and refunding should be prohibited except in the event of extreme 
emergency. 


Registered Warrants.—Warrants are orders on the treasurer 
issued by the county commissioners or others payable to specified 
parties or their order. They are of indefinite maturity but nor- 
mally are paid out of future taxes. 


The county’s indebtedness in the form of outstanding war- 
rants has increased 483 percent from Dec. 31, 1921, to Dec. 31, 
1928. Table 27 shows the outstanding warrants which the county 
had at the end of each year beginning with 1921. The heavy 
floating indebtedness indicates that the condition of the county’s 
finances is trending from bad to worse. The county should be 
able to borrow money at 4 to 5 percent instead of 6 percent if the 
expense is absolutely necessary. The deficits which have occurred 
from year to year emphasize the fact that the finances of the 
county have been poorly managed. These figures reveal one of 
the sources of waste and loss in the present method of operating 
the county’s finances. 


A well-planned and ably directed budget would be of imme- 
diate benefit. It prevents waste since it regulates the spending 
of money for a definite purpose and in accordance with appropri- 
ations established by the county commissioners. A county budget 
system would act as a safety signal for the management of 
county affairs, since it indicates the variance between its esti- 
mates and the actual results obtained from period to period or 
from month to month. The county finances can be budgeted and 
to real advantage—the seasons, weather, crops or other condi- 
tions notwithstanding. 
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Warrant Account for 1928.—For the year 1928, warrants 
issued against the various funds, warrants paid, and warrants 
outstanding were as follows: 


TABLE 28.—WARRANT ACCOUNT LARIMER COUNTY, 19281 


Warrants Warrants 

Fund Outstand- Warrants Warrants Outstdg. 

ing Issued Paid 12-31-28 
Ordinary coun bys. 2 eee eae $ 45,124.02 $202,310.44 $197,092.66 $ 50,341.80 
119,174.77 407 620.62 265,014.27 261,781.12 
34,049.82 103,239.58 106,032.19 31,257.21 
Mothers’ compensation__._............... 5,030.00 6,340.00 9,560.00 1,810.00 
Blind benefit on 150.00 5,180.60 4,260.60 1,070.00 
PST CSI can ce ee ee ge Ree 6,260.00 4,260.00 2,000.00 
Sots no Ae ee Se $203,528.61 $730,951.24 $586,219.72 $348,260.13 


The outstanding unpaid warrants were increased $144,- 
731.52 during the year 1928.’ Interest on registered warrants 
paid from the liquidation fund amounted to $9,206.23. 


Floating Debt.—Floating debt is an indebtedness which calls 
for payment within a short period of time. It represents the un- 
funded indebtedness of the county in the form of unpaid war- 
rants as distinguished from bonds or other long-term indebted- 
ness. Debts of this sort should be made to cover anticipated rev- 
enues or merely for the purpose of meeting current expenses. 
Larimer County and many of the school districts have abused 
this privilege and have floating debts outstanding continuously. 


Foating debts are frequently necessary on account of some 
irregularity in collection of revenues or on account of the fact 
that expenses often have to be met before revenues are due. 
Borrowing under these circumstances is unavoidable. The guiding 
principle which should be followed here is that all current obli- 
gations should be canceled at least once a year. This would pre- 
vent floating debts from assuming the character of permanency 
as they have in Larimer County. 


County Indebtedness.—At the close of business December 
31, 1928, the outstanding bonds and warrants were as follows: 


County hospital bonds..........-....2-----2-..00----- $175,000.00 
Outstanding warrants (floating debt).......... 348,260.13 


$523,260.13 
Less cash balances in county funds............. 18,370.00 


Net county indebtedness.........-...-..-..-..00-00++ $504,890.13 


1Auditor’s report, 1928. 

2The annual audit for 1929 shows that warrant indebtedness was decreased $122,551.59 during the 
year, $88,944.74 as a result of a 1.69 mill levy for the purpose of paying off outstanding indebt- 
edness and $33,606.85 as a result of savings due to the economy program recently initiated by 
the board of county commissioners, Feb. 1, 1930. 
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Wise public financing requires that no loan should be con- 
tracted to meet current expenses as has been the case in Larimer 
County. If expenditures for buildings and improvements come 
only occasionally, as they do in this county, it is perfectly proper 
to finance them out of borrowed funds because the benefits accrue 
to the future as well as to the present. But money to meet purely 
current expenditures should be provided from current taxes. 
Even in the case of permanent improvements, if these are dis- 
tributed so that a normal amount has to be provided annually, 
they become current expenses and the taxpayers should not be 
burdened with debts on their account. The pay-as-you-go policy 
is sound and in such instances cannot be improved upon. 


Liability for Creating County Floating Indebtedness 


Section 8693 of the Compiled Laws of Colorado state that 
county expenditures are limited to the annual appropriation. The 
law reads as follows: ‘Neither the board of county commission- 
ers, nor any officer of the county shall add to the county expendi- 
tures in any one year, anything over and above the amount pro- 
vided for in the annual appropriation resolution of that year, 
except as is herein otherwise specially provided. And no expendi- 
ture for improvements to be paid for out of any fund of the 
county shall exceed in any one year the amount provided for such 
improvements or purpose in the annual appropriation resolution; 
Provided, however, That nothing herein contained shall prevent 
the board of county commissioners from ordering any improve- 
ment, the necessity of which is caused by any casualty or un- 
foreseen contingency happening after such annual appropriation 
is made, if there shall be money in the county treasury belonging 
to the proper fund out of which payment for such improvement 
can be made.” ; 


Section 8694 states that, “No contract shall hereafter be 
made by the board of county commissioners of any county, and 
no liability against the county shall be created by any officer of 
the county, whether the object of the expenditure shall have been 
ordered by the board of county commissioners or not, unless an 
appropriation shall have been previously made concerning such 
expense. And each, and every member of the board of county 
commissioners, and other officers of the county who shall under- 
take to create any liability against the county, except such as he 
is by statute required to do, shall be personally liable, and shall 
together with the sureties upon his official bond be held for such 
indebtedness.” 
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Section 8858, however, offers a loophole thru which county 
commissioners in Colorado are able to escape because present laws 
are not clear in their meaning. These laws need to be revised so 
that taxpayers may have some means of protecting themselves 
against reckless expenditures by county commissioners. 


That deficits occur in the county government is not wholly 
the fault of the county officials. They are in the grip of a system 
of government which is unworkable under present conditions. 
The organization and procedure of county government were laid 
out many years ago and are unsuited for present-day needs. 


The county is controlled entirely by state law. There is a 
great mass of statutes relating to county government scattered 
thruout the Colorado code. These statutes detail the organization 
and procedure, at times down to the number and salaries of minor 
employees. Some are obsolete. Some are conflicting. Many are 
hindrances to efficient operation. 


These facts are not new. They have been repeated many 
times in recent years. Yet nothing definite is ever done about it. 
The inertia with which the public nearly everywhere views 
county government has not yet been broken down. The inertia 
is in large part due to a lack of information about county gov- 
ernment and a failure to realize its importance. Partisan consid- 
erations interfere with efforts of public-spirited citizens and offi- 
cials. All attempts at improvement, whether they are for reor- 
ganization of county government, establishment of financial con- 
trol, installation of mechanical bookkeeping or photostat record- 
ing, meet with political opposition or indifference. 


Summary 


Property owners of Larimer County faced a bonded indebt- 
edness on January 1, 1929, of $4,292,810 in county, school and 
municipal bonds, or an average of $144 for every man, woman 
and child in the county. 

Taxpayers must repay $2.12 for each dollar borrowed on all 
bonded indebtedness. 

Suggestions are given for reducing interest charges on 
bonded indebtedness. 

The county’s floating indebtedness in the form of unpaid 
warrants has increased 483 percent from 1921 to 1928. 

The floating indebtedness amounted to $348,260 on January 
1, 1929, an increase of $144,732 during 1928. This floating in- 
debtedness was the largest floating debt of any county in the 
state in 1928. 
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The net county indebtedness on January 1, 1929, amounted 
to $504,890 including both bonds and warrants. 

Taxpayers of Larimer County should give credit to the pres- 
ent board of commissioners who have reduced the floating indebt- 
edness $122,552 during 1929. 


REORGANIZATION OF COUNTY GOVERNMENT 


A study of the county government of Larimer County indi- 
cates that the greatest reform is needed in fiscal management. 

It is clear that the amount of service that may be rendered 
by the county is dependent primarily upon the resources of the 
county and the business methods and practices employed, and the 
more efficient the business practices, the greater the service that 
the resources will support. Larimer County possesses large re- 
sources but the system of government could be greatly improved. 
As a consequence the county receives comparatively smal] re- 
turns from the expenditure of public funds because the resources 
are wasted thru this inefficient system. 


Defects in Present Organization 


A study of Larimer County government indicates that there 
are certain defects in organization and management. The defects 
are similar to those which appear in other counties. The most 
important defects brought out in this study are: 

1. Lack of unified control over entire county business. 

2. Lack of centralized purchasing agent to prevent waste 

and duplication of purchases. 

3. Lack of proper inventories, stock records and other meth- 
ods used to care for and protect the physical property of 
the county. 

4. Lack of proper accounting system safeguarding the rev- 
enue. 

5. Lack of budget control safeguarding expenditures. 

6. Need for better financial control and methods of financing 
county and school indebtedness. 

Moreover, when these defects are removed, the government 
should improve and present a much higher standard of efficiency, 
and the service that the people derive from the government 
should increase. 

“The business of providing public services is surely no less 
important than these other businesses for the security and wel- 
fare of the American people, but it differs from them in one sig- 
nificant respect; it is everybody’s business, and as such tends 
easily to become nobody’s business." It may fairly be said that 


‘National Industrial Conference Board. Cost of Government in the United States, 1925-26. New 
York. 
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the community gives far less thought and energy to regulating 
and controlling the business of the government than it does to 
the supervision of other business of far less magnitude. Yet it 
is the community that pays the government bill, and the respon- 
sibility falls upon it to devote at least as much thought to making 
the business of government efficient, to lowering the cost and im- 
proving the quality of the services the taxpayer buys, as has been 
applied in industry and trade to give the consumer a better prod- 
uct at a lower price.” 


This section of the bulletin deals primarily with defects in 
fiscal management and offers suggestions for its improvement. 


Unified Control Over County Business Necessary 


It seems that the county needs a plan for coordinating all 
forces and directing them toward the attainment of sound fiscal 
control. Sound fiscal control demands unified control. 
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Most of the officers of Larimer County are independent of 
the county commissioners. See Chart 4. Each has been spend- 
ing county funds on his own initiative, often rendering no state- 
ment until the debt is incurred. The superintendent of the county 
hospital and farm, the sheriff, the various courts, the assessor, 
the treasurer, and even the janitor for the courthouse buy sup- 
plies for their respective offices and submit bills to the county 
board of commissioners. Even were every officer a wise and 
honest buyer, a loss would be entailed because of retail buying 
in small lots. 


“Almost everywhere the county is devoid of a definite execu- 
tive head. No other unit of government, no other corporation, 
public or private, has attempted to function without leadership. 
This lack of centralized authority in the county is perhaps more 
responsible for the deficiencies in county administration than any 
other single factor. Divided responsibility tempts the weak man 
to be dishonest; it encourages the plunger to be extravagant; it 
conceals the mistakes of the stupid; it shifts the blame to the 
shoulders of the innocent; it nullifies the efforts of the prudent; 
and it paralyzes the ambition of the genius. 

“There has been ample experience to show that the attempt 
to secure a good chief executive by popular election is a failure. 
It always gives us a transient amateur who never really learns 
his job, because he is not allowed to stay on the job long enough. 
A county is a corporation. No business could avoid bankruptcy 
if organized as our counties.” * 

In county administration there is an increasing need for men 
with technical training. The construction of highways, the asses- 
sing of property, the administration of the schools, the care of 
delinquents, the protection of public health, are all matters which 
should be in the hands of experts. Popular election will not pro- 
vide trained administrators. The appointment, rather than elec- 
tion, of such officers makes it easier to secure persons who have 
the proper qualifications. Appointments, however, must be lim- 
ited to those who are qualified by training and experience. 

The county has continued almost unnoticed and unaffected 
by movements for increased efficiency. In organization it remains 
basically as it was three-quarters of a century ago, and in ad- 
ministrative methods it follows in large measure the time-worn 
ruts of past decades. 


The truth is that the county violates every principle of busi- 
ness and of governmental organization which experience has. 
evolved. It is indeed the product of centuries of slow but largely 


1Paul W,. Wager. County Government and Administration in North Carolina, p. 396, 402. 1928. 
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hit-or-miss development. In some of its features it dates with 
comparatively little change from medieval England. The coro- 
ner’s office, which has been the butt of jokes for a generation, 
has its origin in the thirteenth century, and has remained more 
because of inertia than because of any real necessity. The sher- 
iff’s office is likewise an inheritance. 


No other branch of government is so decentralized in ad- 
ministrative authority as the county. See Chart 4. As a business 
organization it lacks a responsible head, having no official corre- 
sponding to president, governor or mayor in national, state and 
municipal government. Executive responsibility is scattered, 
some devolving upon the county board of commissioners, and the 
remainder resting with various independent officers who are se- 
lected with little apparent logic by the electorate, the board, the 
court and various officers. Moreover, most terms of office are 
very short, encouraging frequent changes in posts such as treas- 
urer, assessor, clerk and recorder, and the like, where experience 
and even permanence are valuable. 


Chart 4 shows that there are 13 elective offices and a host of 
appointive positions. Each elective office is practically independ- 
ent of all the others. This division of authority is found in essen- 
tially the same form in all Colorado counties except Denver 
County. It breeds wasted effort and lack of coordination. It also 
obscures responsibility. Such a system embodies all the ingredi- 
ents that normally lead to wasteful methods and therefore to 
unduly high taxes. 


In order to accomplish needed changes in organization, the 
whole structure of county government in Colorado needs to be 
reorganized. Certain sections of the state constitution should be 
-amended to permit the modernization of an obsolete system. 

County officials are powerless to make many needed changes 
because we are using the system of a half century ago with little 
or no modification. 


County Manager Form of Government Suggested 


Rapid progress toward a highly efficient and economically 
administered county government could be made by the appoint- 
ment of a county manager. 


If the constitution of Colorado were amended and modern- 
ized the county commissioners could appoint a county manager 
who would be the administrative head of the county government 
and who would be responsible for the administration of all de- 
partments of the county government except those of a judicial 
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character and those pertaining to elections. He should be ap- 
pointed with regard to merit only, and he need not be a resident 
of the county at the time of his appointment. 


The results obtained under the manager form of govern- 
ment have been extremely satisfactory where it has been tried 
out. These managers have lifted much of the responsibility of 
the detail of county affairs from their respective boards and have 
safeguarded the interests of the counties which would otherwise 
have gone neglected. They have been able to furnish invaluable 
information and render intelligent advice to their boards in carry- 
ing on the business of the counties more wisely and economically. 


The main obstacles which prevent the accomplishment of de- 
sirable reforms, such as consolidating offices, combining like or 
similar functions of local government, reorganizing county gov- 
ernment into one unit where possible, are the reluctance of the 
people to change their form of government and the failure of the 
political leaders to support such proposals. They use the rail- 
road, the motor vehicle, the airplane, the telephone, the radio 
and all other modern inventions, but when it is a matter of gov- 
ernment, they believe that the form employed in the ox-cart days 
is equally suitable today. 


That politicians do not favor any governmental reorganiza- 
tion or consolidation which will reduce the number of officers and 
employees is not surprising. Political organizations live and exist 
on political patronage. The perplexities and troubles of the polit- 
ical leaders will, of course, increase if they have fewer jobs to 
pass among the faithful. Notwithstanding this, if we are to have 
economy and efficiency in government, and thereby the lowest 
taxes consistent with good government, it is imperative that we 
recognize the need for modernizing our governmental organi- 
zations. 


Need for Central Purchasing Department 


There is need for a centralized purchasing department in 
the county. At present, supplies of the same sort are purchased 
from a variety of sources. A very considerable and substantial 
saving could be made each year by a thoroly trained and compe- 
tent county purchasing agent. The prices paid are directly re- 
flected in the high operating costs, while the prices paid for 
equipment* and other outlays are directly reflected in the capital 
hee expenditures of each department and the county as a 
whole. 


1This would require a constitutional amendment in Colorado, 
2See appendix for prices of equipment purchased. 
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Costs may be kept down by quantity purchases under a com- 
petent purchasing agent who is qualified to secure and judge 
prices, bids and materials. Recently a Weld County official men- 
tioned that his office could make a considerable saving if Larimer 
and Boulder counties would standardize certain legal forms and 
make cooperative purchases with him. Another example is in 
the purchase of groceries, coal, etc., from the poor fund. In this 
case supplies are purchased from almost as many sources as 
there are dealers and grocery stores. 

One of the most amusing illustrations of careless purchas- 
ing is that of Larimer County permitting the janitor to purchase 
supplies for the court house. According to the commissioners, 
the janitor purchased $1,614 worth of soaps and disinfectants 
for use in the court house in 1925, $1,093 in 1926, $1,286 in 1927, 
and in 1928, bills for $5,254 were presented for payment. Quot- 
ing from the local paper, “Has there been an attempt to ‘soft 
soap’ the county?” Centralized purchasing would prevent such 
waste and losses. 

There are 138 school directors in Larimer County which 
means 138 purchasing agents, many of whom are competent and 
qualified to purchase supplies. However, many school directors 
are not fitted for this particular job and as a consequence costs 
are high or the kind and quality of supplies are unsatisfactory. 

It is recommended that a careful study be made of the needs 
of the county school department; that a special survey be made 
of this particular problem with the view of ascertaining the ad- 
visability of having a purchasing agent handle all the purchasing 
requirements of the various school districts.’ Other states find 
it practicable and recently the state of California passed a law 
placing the buying of all supplies in the hands of the superintend- 
ent of schools, at his or her option. North Carolina passed an act 
making it the duty of the county commissioners to provide for 
centralized purchasing in order to prevent waste and duplication 
in purchasing. 

The central purchasing department of the county upon which 
requisitions could be made by the local school districts or county 
departments, is able to use greater discrimination in selecting 
machinery, equipment and supplies, than the members of various 
departments when acting alone. In the matter of intelligence, 
the single purchasing department can devote considerable time 
to a study of the relative costs of different materials and sup- 
plies, paper, ink, office equipment, electric lamps, lumber, road 
graders, etc., as the case may be, and purchase standardized 


Mr, N. Woodard, a graduate student in the Department of Economics is now making a study of 
central purchasing of school supplies. 
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equipment for all divisions. Economies, too, are often possible 
in the purchase of standard equipment, even where no discrim- 
inating judgment is required. 


If the county does this work intelligently and does its buy- 
ing wisely, it not only gets what it bargains for, and saves money, 
but it raises the standards of business, and benefits the general 
public. On the contrary, if it buys with inadequate specifications, 
and accepts goods without tests, it lays its representatives open 
to charges of favoritism, encourages misrepresentation, and de- 
frauds the taxpayer who ultimately pays the bill. 


Care and Protection of County Property Essential 


Larimer County has failed to take proper care of its physical 
property, and should delegate this responsibility to a county man- 
ager or some other officer. The lack of any regular and systematic 
inventory or property record has made it impossible for the county 
commissioners to know at what rate machinery and other prop- 
erty depreciates. The county should keep a property record which 
will show all purchases of new equipment and charges to the 
proper department or individual. Proper acccounting for capital 
outlay and depreciation should be provided. This is particularly 
desirable for machinery and equipment such as trucks, tractors 
and road machinery. At the present time the annual costs for 
the use of machinery and other equipment cannot be determined. 
This simple improvement in county administration need cost very 
little, but the potential savings are tremendous. 


Larimer County Needs a Modern Accounting System 


There should be a county auditor to preserve and maintain 
a proper coordination of all accounting activities. At present 
there is no method for coordinating accounts in the commis- 
sioners’, county clerk’s, treasurer’s and other offices. My sugges- 
tion would be to create a department for complete control over all 
accounts and finances. This department should have control over 
all accounts, statistics, budget and centralized purchasing opera- 
tions. Large savings could also be made if the assessor’s and 
treasurer’s offices were combined. The accounting department 
should be under the direct supervision of the county manager or 
county commissioners. 


As pen-and-ink and slow, inefficient mechanical methods are 
passing out of existence in business administration, so are they 
passing in county administration. There may be no urge to save 
money on salaries and wages, but still there is that instinctive 
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desire to do the job better, more timely, more accurately, and to 
derive more information therefrom. This can be accomplished 
by the installation of labor-saving devices. 


Accounting machines are now being used by hundreds of 
state, county and city offices thruout the country. These systems 
of accounts are so comprehensive and complete as to provide in- 
stantly all of the information which could be reasonably asked, 
and so flexible as to meet the demands of the most swiftly grow- 
ing county. 


The average county official is quite unconscious of his limi- 
tations as an accountant. He sees no need for anything more 
than a cashbook record of receipts and disbursements. Balance 
sheets, control accounts, cost-accounting, are terms which mean 
nothing to him. The customary method seems to him quite ade- 
quate, and he attempts to follow in the footsteps of his prede- 
cessor. Financial records are scattered, and most of them incom- 
plete and in a state of disorder. These conditions are often the 
result of incompetence and the system of keeping accounts. Re- 
lief for the taxpayer from this system is imperative. 


A Budgetary System of Accounting Is Needed for 
Larimer County 


The accounting problems of Larimer County are many and 
varied. Mechanical equipment is now available to handle this 
important and varied type of accounting. The machines give all 
the results necessary to contro] the budget and appropriations, 
revenue and expenses, and disbursements and available cash. 
They give this information accurately and complete each day, 
with the highly important balances in each account to control 
the appropriations and expenditures, enabling the instantaneous 
compilation of daily, monthly and annual reports. 

With the present system one is unable to obtain even an an- 
nual report on some phases of county expenditures several 
months after the books are supposed to be closed. 


Need to Provide for County Fiscal Control Thru a Budget 


A complete budget system should be installed in Larimer 
County without delay. This county needs a budget at this time 
in order to place it in a sound financial condition. Its purpose is 
to place a competent accountant in charge to guarantee a bal- 
1About Nov. 1, 1929 the Larimer County commissioners asked various departments of the county to 


submit estimates of expenditures for 1930 in order that the county might be placed on a budget 
plan. 
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anced budget and incidentally discourage wastefulness and fraud 
and render to the taxpayers an accounting which they can un- 
derstand. 

A budget is the mapped plan for the future progress of a 
county business. It is as necessary to the county as the naviga- 
tor’s chart is to the mariner. It deserves and should have the 
careful consideration of every county which desires a better con- 
trol over the future of the county business. 

By no other means may the county so quickly come to a 
realization that there are deficiencies in its form of organization 
or personnel than thru an earnest attempt to establish and oper- 
ate a budget, because successful budgeting depends so much upon 
good organization. 


Tax Office Efficiency 


Every one who is familiar with the tax office is aware of the 
cumbersome procedure and the vast amount of duplication of 
work and of the seemingly unnecessary amount of work required 
to bring to completion the annual job of compiling tax rolls. 
In Larimer County this is all done by long-hand methods. The 
assessor is familiar with the difficulty in securing efficient extra 
help to complete the rolls within the allotted time. 

If, for example, the tax assessment notice or tax bill and tax 
roll can be written in one operation, with absolute proof of accu- 
racy, there is no reason why the assessor should continue to do 
the work under the old, inaccurate, time-consuming method. 

Each year the complete list of 12,000 schedules and a much 
larger number of pieces of property has to be individually written 
three times on the assessor’s bill, the tax roll and the tax bill. 
Many of these schedules have from 20 to 25 pieces of property, 
each of which has to be described. Then, the next year it has to 
be written three times more, and about 90 percent of the de- 
scriptions remain the same each year. 

Each time the complete list is transcribed it has to be 
checked for accuracy. In other words, approximately 50,000 
names, addresses and descriptions have to be checked and proved 
correct each year. This requires a large number of clerks for a 
considerable period. 

By means of electrical automatic machinery it is possible 
for one clerk to compile the tax rolls and tax bills, where it would 
require a number of clerks to do this same work by long-hand. 
To run off the descriptions and addresses on the machine is but 
a’matter of a few moments. No checking whatever is necessary, 
as the plate once made correct will transcribe an exact descrip- 
tion. 
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Indebtedness Should Be Reduced and Borrowing 
Policies Changed 


Indebtedness of Larimer County has been built up without 
a definite financial program until it represents a total of $504,- 
890.18 on December 31, 1928. This rapid increase in indebted- 
ness is explained largely by the widespread demand for improved 
roads and other services. 

The idea of building good roads is highly commendable if the 
work is well done and if the improvements are financed in the 
best way. It is questionable whether the creation of a large float- 
ing indebtedness is the best way in which to accomplish the work. 
If the $350,000 floating indebtedness is funded it will cost the 
taxpayers about $750,000 to liquidate this debt with absolutely 
nothing to show for their sacrifice. 

Taxpayers should examine the annual indebtedness incurred 
by the county commissioners and bring pressure on them to re- 
duce and control it. In fact, it looks like the time has arrived 
when the county should consider seriously a pay-as-you-go policy 
and begin to reduce the heavy interest charges and indebtedness.’ 


APPENDIX—TABLE A 


Portion of the Road Equipment Purchased, 
Larimer County, 1926 to 1928’ 


Jan. 1, 1926 to Dec. 31, 1926 


1 Russell.road finisher... es RE Soa Wats Me See RE URE, Ree EERE cr See re $ 710.00 
ATSC ea EO STAT TIF PREACH VC LES “pe ee, a ern ae ake cen ce re SR ah re cee 43.70 
ACR IELTS es OO, err ee 2 arenes oh eRe EE OS 91.43 
1 Gas pump....... 30.25 
Tee Oc oe crin se Be meee, Ss en ga a 7 1,010.00 
DY No. 920 Cedar Raps reek crusher with Pim. cecccccc one censacsedececomcneuncasnensarncrnsecucecenceasees 5,161.36 
f Adame wheel crader andextra blades ag. .oc.ccisceccnsvreevcseresessouccancercieciendeducasuasedinsnahossceass 429.50 
2 EN Bs GLa Feke 3d RR te UERa OR GID AE Rervae Become See ROSNER any ae “OES Oe PERO APTA GOO ROME TEE 230.30 
IA delay PAM BS hts Hey Leh poh 9c) ef: Mmorpg ee Re nO ORE SE CEE noe ES 175.26 
4 No, 24 Western wheelers 408.24 
1 Adams wheel grader and road plow. ee 466.12 
MOM PORES MAST) as i 0 ee en ee ee eS eRe = 43,11 
24 Wo. 2 Wong handle shovels, . os. c.c-csesrtelescoreseenc-nssenwsseccneass ie eae re mth ee Seed ee aeeterecre 43,20 


1 45 3-8 x 96 vertical type boiler......-........... FRAT ee eae ae RR a ecm ers Heo 824.70 
TINO S [heats th qa): Co lh of: 30) Sess See e ae ea ee nacis 158.45 
1 No. 5 Western railroad plow...............2-2-..0------- 47.27 
2 No. 2 Western double bottom slips. ..........-..-..-----00--e0e-eeeeeeeeeeeee 168.84 
2 Rawls highway mowers.........---.-.-.--- : ; 737.41 
1 
1 
3 


Alemite compressor........-..--........ 75.00 
Adam leaning wheel 2raGern a2 ocscccccsectcacsvasvacenntocesussteee er Ree ue 416.60 
Model 10: Biamow Dhow iaccaicc casas cecencspncsteesanes Pe RES 1 pe EN A et ae cen es fo 1,100.00 


$12,370.74 


1County commissioners on January 28, 1930, stated that they planned to reduce the indebtedness 
without resorting to funding operations, reducing the indebtedness thru the increased mill levy 
and thru a program of economy. 

2Auditor’s report. 
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Jan. 1, 1927 to Dec. 31, 1927 
1 Anthony gear controlled dump body......-.--------------------e-c-cceeeceeesseeece ence ene ececeeen seen eceeccne $ 162.00 
2508 ft, all metal snow fence...........-....... 1,906.08 
1 Adams leaning wheel grader._. 5 1,817.55 
2 No. 2 Westerm sheeled scrapers. -.-.n---<-<2c eae cence oa ee oe a neem wee nec seems 180.22 
1 F 2 Hoist complete = - 377.29 
[Me toned stiea mttsr UC ges eee wae re aera ra ce 7 ee ee eee neste eee 848.55 
1 Standard highway maintainer... --2 2-2 oe eee 385.00 
AT 1G OMAIDT CSS OL a. se cass ees seo oa ba ce races ee cee eee a a cee 373.55 
1 Fleming H. D. regrooving machine... = 105.50 
1) INo. 21 Western groundhog plow... ---.cese Die nite oes ae en Ree 89.15 
i) Wattle westerm road) grader icec sce eee es a a eee 225.00 
Ge UN (GW, PAlponntetdave navel layea ibe) ff OOM shane = cen ese cee ee ee re ee 69.11 
AMINO De VW ES te DME o ae ley sete eee eee eee rah teen Dike 186.10 
AMINO RSMVVGS GC TIN RG STL Ot es ea eee ce ee ee ee is in ee Pea We Bal 32.00 
All BINT sles WW GSU OTA Te CB TNO 1p yor a ae a ce ee 36.00 
epee 2 AW ep tent err cried lnc gyn | osyy eee ee eee 2 97.28 
‘Te Russell toad) fimisier iss ce we ce ee ee ee eee 710.00 
1 Servis road shaper - 385.00 
ple vatimpjowacden ee een ee a ee ee, ee ee 300.00 
BY oy cancel oto Ye ie ey eer en a ROR eRe a Ris Spire eM reien coc weak een ee, a 5 95.55 
WaeRssel oad: fits iner ss. sec ee ewes cs ee pe a nr ee ee 655.00 
Ae aINIOG be Wiesiben im o evel tol sv ee cece es ee ee ae ee 47.25 
GRINGO SSD arbre lOve lis ee en es ee wy pcre eee ee rl elo 12.90 
ih IDXoyad oy levechragatain Wettopeedleya pill aay (she as eee eee ee ee eee I ee Se te ee 500.00 
i Mondsomkponwers Gr ap ere es ete reee eee ee ne ee et eee ea ene eee 380.00 
i@INiow2zAer oll tonell-aimal pain lt eG Gi. ee ee eee eee ee ee 85.45 
Lar ral Gray WG ONIN ON OS ee recta area vont re ae aie ee ee a S 150.00 
i, Pephoreeyfopboeakcramete went eynelCnlayey yO ae a ee ee eg eee Se 2 82.50 
Ta Wreig on) tamiceeses eee eee ee 50.00 
1 Buda 40 H. P. engine..... ee WS are ee EE takes a 358,00 
2 Agrihamimers. = a 195.00 
a) Yaokey vevowl Version bavedns aver irene Vol Sie ei ee ee 424.00 
O ACIS STO BCL Our Olas eaten eee Se ere In a ee, ee er ee ee 315.00 
48 No. 2 Round point dirt shovels. 92.16 
1! 50-ft. 2-ton electric:crane and steel structure... cee cece eee ee 2,950.00 
epi ord ro ada ter tase een, cra ee eee ct Ca ER AG oe cn 150.00 
DINO SO: VES REMI IO ALCL TO Cyrano ech No ee andr oe 94.60 
36 No. 2 Long handle dirt shovels... - 68.44 
Dd Now2, Western: double boutomnisliy pss ec omen e cee ere ane - 322.08 
1 Western midget grader._............. e 175.00 
Dio iniallll Pane ee peek eee oe A oe eee Do = 10.00 
de Noss abilas ting rims\oliin esate ene eens nes bs #3 30.30 
ID Meh Re Uh CORSO Ac) eee eater Es eet ERR ety een eee a om, Kena ne oN Ne My ee ok 125.00 
Teed aan Gi SOMA RLS reeset oe ene ee Oe a aes SR) ON «ee ee ae ee ee 44.40 
Daryamemtiomucaterpulll ar IN Oy (0 ieee cee see ee cere San gee 2,642.50 
PM Wien Seceees eaten, sees, ancy es eee ME” SEE ss ee A eee tn Re aces e Sn 40.00 
imSteel crusher compeyor beltiamd! steel fms sess anne ees seuss 6,500.00 
OL NPCSINONS CH DONG ta. Pec Atte Pee ee a eee UN oe Te OD 35.00 
all Sees trateX UA enPewaNSy en ENC HE RAO Hoy oC bapa cee ee ee ee ee 125.00 
LC ommppnesse cli aint Oiwie mi oa © yee aneeeee ante uae ee 163.23 
Le ServasPOad Axe pt ene oa Sone ewe Re e- e a oe ie eee gear ae eee 385.00 
1 Tractor engine, hoist, ete..... 1,615.15 
Paymention liberty trucks. 1 wee 2,000.00 
J Adams leaning wheel grader... -.-.-.--2-2-cccc.-cecceecceeceeeeecee---------.--. eo 410.00 
SO URE PAdirtig ho v@ls xcs. one seeee ere ae ee ee ee en ee ne, es 69.07 
Aig Mord welcgucn =. == ee ewe eer copes Wh SONI Oe Serie eed nN aE Re nerh oS eco eee 1,726.60 
CIE Orval) titnta c kee cco 8 Se erred et ee ee Re ee 250.00 
3 2,589.90 
1 933.50 
1 1,904.00 


$37,086.96 
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Jan. 1, 1928 to Dec. 31, 1928 


ALS AI ALG ARS raged LS arcs toe, epee a crn BONEN Al ORNIRC tL St rent Oy Ea Sed edeercee ee $ 801.00 
Balance due on Liberty truck... 4,000.00 
1 Adams leaning wheel grader._ Es 1,918.00 
1 Sauerman Fordson Crescent outfit complete. 414,50 
1 Revolving screen and elevator... LANA of 9 te at EEE pt OR a en ee ret yt Re 1,022.50 
2 No, 4 Champion crushers and ieninns 5,350.00 
2 No. 1 Atlas portable conveyors, ete... 1,077.30 
1 No. 2 Servis road shaper.__.._..........- o 702.00 
me Nore, Western double bowtonislips. 22.00 nee ee ee ee 343.95 
MCAT EOC ATR UEO Nk ots ee a Sage Ree ene ere A een Os 165.50 
1 Adams leaning wheel grader._..............--.--- 441.96 
1 Hanson 3-8 yard full revolving excavator... 5,750.00 
de ROrd pricks Nowe et Leh a 310.00 
HuCaterpiiiarsGOcrEctoriNG e200 ue aAw oe ee ee eee, eres ee eee 5,417.00 
Balance due om caterpillar GOANO! UG58 ies ghee csccse coerce ee eee ee ee 2,734.98 
1 Western No. 3 road plow...) = 74.22 
ed No! Oi7enith longihandla-dirt shovel. .ot-m ae te eee ee, ee ci 161.21 
i Bed monarch standard pattern lathe, eto. 2.2 , 2,360.10 
1 Model 8S. B.-44 International H. Co. truck 2,000.00 
evWV all fenites ten ee ee Es Se A 2 OM he eee en en ees ha Ce eras 69.00 
12 Western double bottom slips.. - 174.09 
RS EROMG rR Pete ee ere SBS De 1 Ce pee os Oe RRS AAU at, Se 675.00 
dp Erttle western road era ers A ye eee ae crea Foe a ec 287.31 
Part payment Buick truck.............-..-..-.-- 900.00 
a PEE Combo trick eee 1,869.00 
1 Western No. 6 road plow... E 43.76 
MEN SoA Caran TOA ya EO eer Se ee cc nace aa ee oe 165.50 
LVM GY) Saha 1:81 ee ee ee Oo ey ae Ee Ae REE eee ee os ERPS 2 Ae EES ete 60.00 
BS EO EUE 0 ECE ce a a I i a eee ED ope ee 12.90 
48 No. 2 Zenith long handle dirt shovels... 92.13 
1 Bass adjustable road drag.___......... 203.68 
PB Ad a Tice Ce: OTF STO Wy LOW adsense eaten epee coe ee ae 1,493.50 
Balance due on caterpillar aces ae 7,598.80 
Balance due on caterpillar 30 
1 Wall tent... Be Eee eo ES BN PIE PON EE RPT) PT RE OEE SUS Sere SEZ AE 30.00 
1 Adams inant Geel pies asses genres nee pe ire ap Sa aedap Rowe Fn Sao ae Sen eee Se nae aah eet ones 1,630.00 
1 Monarch model No. 50 iecior. ea sessatasp Mepahosostasenatnensace ae ea pA Ua hea tesa ea ce secon are e pat Poe MaRS STRESS 3,805.00 
48 No. 2 Zenith long handle dirt shovels... = 80.05 
4 Western slips.__......... a ie ese spears See Ee Faced Se ac ye oe pease ce 56.80 
1 Western No, 20 pastes wore BS eslap une te = opss wee eat Pave PAC eee PETE aw enea eee ach ce nce ea cin onsen 63.88 
Balance due on pee ee ee So A aT er ep ee aes re 900,00 
SRSA EA KRS SSFP ENCE VIER ENGL sees co eran Ea cer a nae sae tae SON ene pea a oe os Se saa on oe oT ee 170.50 
1 3-8 yard bucket = es 429.12 
DBA cirri Gene Oa UN Oe ah, on oe ceen cates Fyn dpastatazarzvorratonstnn Senmcsaas ime elingstntearoass acest Pmict eeseeesnoares 165.50 
PAP aed ort ale MY Voy ys oaetey ol cs hizt 472 Wy O18 Reereee cng ne eal POPE ea nym eeley er eM? ree eee eee era eee 77.40 
By MINTO. Si WV CSLCRIU MOR DIO Wa. 2 neem catete sa ead anunron cesarean ange rs ctvenedzennas eosek se demtuesvasers pencctbese ss sevsqudar= 53.75 
2 No. 3 Western fresnos... a pepe ee cae Sopete seem coc c ae apeteice eee ads ae ve oes aySonceae Sess accdeee= 72.00 
1 McCormick Deering saduateial connie : = 1,625.00 
Walker; miei tain eres seats Bera sede soe aie Sea sa Suneactaspesascncnst isemater te stame 872.00 
1 No. 5 Western road plow.......-..-.--.------- siseachcte gad baigaceradaanstnccbandsporcresmncausavenbaneace quxcessoraaeee 55.60 
IN Sid ner irr eat WCSbOLI Slip SOUMIET Bice -ekstya: seveacpanarear ses songackescanonnEpsaniccinckier satvboan-vassecuces=ce Seana 194.72 


$58,970.21 


CoLoRADO EXPERIMENT STATION Bul. 361 


(o @) 
a 


Summary 


There are certain defects in the organization and manage- 
ment of the county government, the most important of which are 
as follows: 

Lack of unified contro! over different departments. 

Lack of proper accounting. 

Lack of a central purchasing department. 

Lack of an effective budget system which will control gov- 
ernmental extravagance. 

Need for better methods of handling indebtedness. 

The county-manager form of government is suggested as a 
remedy for the lack of unified control, but this will require a re- 
vision of the state constitution. The whole system of county gov- 
ernment needs to be reorganized and simplified. Simplification of 
the county government will permit the voters to bring steady and 
persistent pressure upon the executives in control. 

At present the county commissioners are powerless to -in- 
augurate many of the reforms which are greatly needed because 
they lack the power to appoint and remove all executive officials. 
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EFFECTS OF CLOVER AND ALFALFA 


IN ROTATION 
PART II 


By Wm. P. Happen 


There is seldom so close a correlation between the chemi- 
cal analysis of a soil and its productivity that inferences can 
safely be drawn from the analytical results alone. So far as 
analytical results are concerned very productive land may differ 
so little from unproductive that no distinction can be made. The 
difference between the two soils depends upon something besides 
the small and possibly uncertain differences shown by the anal- 
yses. Factors not in any way indicated by the analyses may be 
the determining ones. The mineralogical features of soils may 
have a general resemblance or they may differ greatly and yet 
both the soils be productive. 


Our loams and adobe soils are very different, with some fea- 
tures in common and both may be good productive soils. The 
loams contain practically four constituent minerals—quartz, 
felspar, calcic carbonate and clay. The adobes are finer in tex- 
ture, more clayey, often rich in calcic carbonate and are often 
rather intractable. The origin of the two may be quite differ- 
ent, yet the adobe, a less desirable soil, may be very productive. 

This statement contemplates them in their natural condi- 


tion, i. e., without the aid of fertilizers or amendments. The 
yield of wheat is possibly the most universally applicable meas- 
ure that can be adopted. The soil treated of in this bulletin 
and in Bulletin 319, yields, in average years, from 35 to 65 
bushels per acre. The largest crop that I have harvested was 
66 bushels per acre, but a yield as high as 80 bushels has been 
recorded for similar land. Our land did not make favorable 
response to chemical manures and to the application of nitrate 
the response was in some cases very adverse. 


RESPONSE OF OUR LAND TO FERTILIZERS 


It may be a question whether these conditions are favor- 
able ones under which to study factors that may affect the pro- 
ductiveness of the soil. In this case the conditions relative to the 


On former occasions I have felt that the faithful and interested aid of my 
assistants called for special mention in token of my appreciation. In this work 
the labor has been divided. Earl Douglass has followed the carbon dioxid and 
the cultural treatment of the plots; C. E. Vail has done most of the nitrogen and 
potash work; and J. W. Tobiska has done practically all of the soil analyses. 
This division has not been so strictly adhered to that cordial cooperation has 
in any degree been interfered with. 
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amounts of plant foods present were so nearly optimum that 
the addition of phosphorus or potassium produced no effect 
upon the growth, period of ripening, or yield. The potassium did 
affect the quality of the grain produced. On the other hand, 
the addition of Chile saltpetre at the rate of 250 pounds per 
acre was sufficient to make so marked a difference in the plants 
as to be a matter of comment by the casual observer. It caused 
hard, shrunken berries and materially reduced the yield of one 
variety and did not materially increase any yield. The amount 
of nitrate added may .seem large to some, being equal to 10 
parts of nitric nitrogen per million parts of soil, but we thought 
we were adding very moderate quantities as we knew that soil 
from this field actually developed as much as 325 p. p. m. under 
fallow cultivation. 


THE LIMITS OF ANALYTICAL ACCURACY 


It suggests itself very often that our analytical results are 
wholly inadequate to give any trustworthy information in re- 
spect to these questions. The amount of nitric nitrogen added, 
10 p. p. m. of the soil, is only 0.001 percent, but this was far 
beyond the advisable amount to add. In the case of nitrogen 
our methods are very exact, but it is evident that even in this 
case they are taxed to give results that are significant and this 
is true (to a greater extent) even in regard to the phosphoric 
acid and potash. These factors cannot be omitted, but the pro- 
ductiveness of any soil is very dependent upon its physical prop- 
erties and the weather. The skillful farmer who is thoroughly 
acquainted with his soil may do much in maintaining a good 
physical condition, but even in this he may be defeated by the 
weather. 


Ordinarily we think of the plants as obtaining the minerai 
elements necessary to their development from the solutions of 
those that occur in the soil; in other words, the water in a soil 
in which, for instance, it may constitute 15 to 17 percent of its 
weight, is a dilute solution of these mineral elements. How this 
solution has been effected is not clear. The water that falls as 
rain or is added as irrigating water may be the solvent, in 
which case we should have an aqueous solution, but this can 
scarcely ever be the case, for, as soon as it dissolves salts of 
any kind, the reaction becomes complex and the equilibrium of 
the solution is probably constantly being disturbed. This solu- 
tion is similar to a nutrient solution which is constantly being 
renewed. Whether it is formed rapidly’ enough to supply the 
plants continuously with enough foods to meet their needs de- 
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pends partly upon the rate of solution and its movements in 
the soil and partly upon the extent of the root system. 

There are changes taking place in the soil that promote the 
solvent action of water. .The changes which organic matter 
undergoes, whether added as manure, or as simple remnants 
of the vegetation produced on the soil, are constantly furnish- 
ing carbonic and other acids that may play a part in determin- 
ing the character of the solution, more particularly its concen- 
tration. 


Much has also been said about plants excreting through 
their roots acids other than carbonic acid, which have been 
supposed to act upon the soil particles as solvents. Hence we 
have the conventional 1 percent citric acid as a solvent in imi- 
tation of this. This, being an organic acid and in a weak solu- 
tion, is thought to give us results that correlate with the pro- 
ductive capacity of the soil. The root hairs of the plants are 
pictured as attaching themselves to the soil particles and de- 
scribed as acting upon them by acid excretions. 


There is no question about the activity of the root hairs, 
but whether this is the manner in which they act may be a 
question and I do not know what proofs support these claims, 
nor how satisfying they may be. 


SALTS ABUNDANT IN OUR SOILS 


In our soils the water-soluble portion is much greater than 
usual, owing to the lack of leaching in the past with the con- 
sequent accumulation of the decomposition products of the 
constituent minerals. These often form strong efflorescences 
completely covering the soil with a white coating which is col- 
lectively designated white alkali. It is sometimes desirable to 
wash these soils to obtain these soluble salts for analytical 
studies, but the results are always involved in some doubt, espe- 
cially if one attempts to apply them to questions of productive- 
ness. We have done much work of this sort, but the question 
had in view was always what bad effects they may produce. 
There are so many instances of excellent crop results in the 
presence of large quantities of these soluble salts that we have 
come to believe that in themselves they are usually not in the 
least harmful in our case. 

The preparation of these water-soluble salts presents some 
difficulties aside from the mechanical ones. There is no crite- 
rion by which one can with certainty judge when the sample 
has been washed sufficiently. We have tried various proce- 
dures, none of which is wholly satisfactory. In some cases I 
have taken the disappearance of the chlorin from the filtrate, 
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in others that of the sulfuric acid, as indicating a sufficient de- 
gree of exhaustion. Either point is often difficult to attain. It 
is to be borne in mind that we are not in these cases concerned 
with a few hundredths of 1 percent, but with quantities up to 
12 or more percent of the sample. It has not been uncommon 
for us to use 20 or 25, sometimes 40 liters of water, and to con- 
tinue the extraction for 10 or more days. This is a laborious 
business and one is far from satisfied with the results; they rep- 
resent too much. Any soil treated with 25 liters of water in 
successive portions of, say, 2 liters each will give up such 
amounts of salts as to render the results unreliable if we at- 
tempt to apply them as a basis of judgment in regard to the 
productive capacity of the soil. 


A different view may be taken of the case, i. e., in very 
many instances in which such amounts of soluble salts are found 
in the soil they are associated with more water than may be 
desirable, and this is a continuing condition in the presence of 
abundant soluble salts, which can easily be demonstrated to re- 
act strongly with the soil particles. 


Sodic chlorid, for instance, is so good as always present 
in these so-called alkalis and a solution of this salt acts strongly 
on finely divided felspar, eliminating potash principally, but 
also other salts. It is quite certain that a similar reaction takes 
place when we treat a soil sample in the vigorous fashion that 
has been described, but the extent to which this takes place 
would be difficult to ascertain and probably varies with each 
individual case. 


In cases where there is no excess of water these salts are 
not absent, but simply less abundant or perhaps only less appar- 
ent. The solution in the soil may be as concentrated as in other 
cases, but probably not, as the accumulation of water is gener- 
ally accompanied by translocation of salts from other lands. 


This fact leaves us in doubt as to how we are to consider 
the potash, for instance, that we may find in the extracts of 
alkaline soils, i. e., whether it belongs to the solution proper 
or has been taken from the soil proper in the individual case. 
We find potash so generally present in our ground waters that 
it would be misleading to make exceptions. In 108 ground 
waters that I have looked over there is not an analysis in which 
potash does not appear, and it fails to appear in only 5 analyses 
out of 116 soil extracts. The amounts that appear are often 3 
or more percent of the extract or, in case of waters, of the 
dried residue. The significance of these percentages depends, 
of course, upon the percentage of the extract or amount of resi- 
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due. In the analyses referred to, the water-soluble portion 
ranged from 1 to 12 or more percent and the potash in the 
analyses when computed on the soils is certainly worthy of con- 
sideration in every problem concerning crop production. 

The occurrence of potash is in strong contrast with that 
of phosphoric acid, which occurs only seldom and then in smal! 
quantities. Here again the ground and drain waters may show 
its presence, but it is usually absent, at least not reported. 


POTASH IMPORTANT IN CROP PRODUCTION 


The part played by potash in the production of crops is 
apparently of great importance and the volume of the crop 
agrees more closely with the supply of potash than with that 
of phosphoric acid or of nitrates. While these three are indis- 
pensable, the volume of the crop correlates more closely with 
the potash available than with the other two. In the case of 
wheat the grain will tend to mealiness when a relatively ex- 
cessive amount of potash is present, but to a flinty condition 
with an excessive supply of nitrogen. In the latter case the 
volume of the crop is likely to be depressed. 

These statements concerning the prevalent occurrence of 
potash in our soil solutions have not been made with any ref- 
erence to the allegation that seed of hard wheat varieties im- 
ported into Colorado produces soft wheat. They have in this 
connection, however, some interest as we find that the meali- 
ness or softness of wheat is greatly affected by an abundant 
supply of potash, and these facts go a great way toward fur- 
nishing a satisfactory explanation of this very generally ob- 
served fact. : 


ACID EXTRACTION OF SOILS 


The question of how to ascertain the amount and relative 
quantities of plant foods in a soil available at any given time 
has given investigators a good deal of concern. I think that 
nearly all of them agree that acid extraction is not a very good 
method, for even a weak acid, fifth-normal nitric acid for in- 
stance, is not a very good imitation of the processes that are 
going on in the soil. Even water, used as has been described 
in the extraction of the total solids soluble in this menstruum, 
fails to give a faithful representation of conditions as met with 
by plant roots in that soil. In such extractions we frequently 
have used from 40 to 80 times the weight of soil extracted and 
continued the operation for 10 to 14 days. It required this 
excessive treatment to reduce the chlorids or sulfates, as the 
case may have been, to negligible quantities in the solution and 
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sometimes to bring about deflocculation of the clay—a condi- 
tion that should usually be attained in washing an alkali soil. 
Such a procedure has but little or no object in the examination 
of an ordinary soil in regard to its supply of soluble mineral 
constituents. The soil particles are themselves attacked and 
the soluble salts extensively changed in quantity and possibly 
in quality also. 

It is a question whether the available mineral constituents 
of a soil actually exist in dilute solution in the soil, but we sup- 
pose they do and may be caused to diffuse into the solution if 
this be greatly increased for a brief period and then removed. 
This may be our most advisable procedure, our nearest approach 
to the actual conditions existing in a freshly taken sample; but 
it leaves a great deal to be desired. Even in this way we prob- 
ably alter the ratios and obtain too much in solution. Still we 
have used this method on our samples without drying them, 
making a moisture determination to enable us to bring our re- 
sults to a dry basis. The methods used are those adopted by 
the Bureau of Soils, U. S. D. A., some years ago. 


Our PROBLEM 


Our problem, to determine to what the benefits of a rota- 
tion of alfalfa or clover are due, is in its gross features, not 
so very complex. Perhaps the most evasive question would be, 
what are the mechanical effects. A good stand of alfalfa may 
be taken as 250,000 plants per acre. <A ‘‘good stand,” accord- 
ing to actual counts, varies from 125,000 to 525,000. The roots 
of alfalfa are seldom less than 6 feet long and often 10 or more 
feet, and vary in size from 14 to 2% inches in diameter. I think 
that we may assume 14 inch diameter and 714 feet long as a 
fair, average, alfalfa root in our soils. Clover roots are com- 
paratively small and much shorter than the alfalfa. 

It is evident that it would be somewhat presumptuous to 
attempt to give any estimate of the mechanical effects of a crop 
of alfalfa on any ordinary soil. We have not only the penetra- 
tion of the soil by the roots, but the additional fact that each 
hole thus made is filled with organic matter, very active while 
living and well distributed when dead and decaying. While we 
do not know all of the effects produced, we are satisfied that 
they are considerable and beneficial and in no case to be left out 
of the reckoning. The fact is we take these for granted even 
if we cannot give any numerical measure for them. 


ALFALFA AND MICRO-ORGANISMS 


What the effect upon the microbiological factors of the 
soil may be can be approached only indirectly in our work and 
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our inferences are not in harmony with what I infer to be the 
generally prevailing views in regard to this relation. As we 
have chosen the carbon dioxid in the soil atmosphere as our 
rough measure of this relation, we may be allowed to specify 
what we understand this factor is considered to be, i. e., that 
it is due largely to the micro-organisms, much more so than 
to the plants. The neighborhood of the plant roots is consid- 
ered an area of very active microbiotic activity, much greater 
than would be the case if the plant were not present. If the 
plant or any part of it dies it falls a prey to putrefactive 
changes and this process may be going on simultaneously with 
the growing of the crop. : 


In these ways the organisms are believed to be more ac- 
tive producers of carbon dioxid than the plants, even though 
some organisms can use the carbon dioxid as a source of en- 
ergy, diminishing the apparent production. These questions 
do not fall in our province, but we have followed the variations 
of the carbon dioxid in soil, both fallow and planted to alfalfa, 
clover, wheat, mixed grasses and corn (maize). These rela- 
tions are subsequently given in detail. Carbon dioxid is not 
considered among the plant foods in the soil because it occurs 
in the air and is mainly, if not wholly, taken up and elaborated 
into new compounds in the leaves. This is not the case with 
the nitrogen, potash, or phosphoric acid used by such plants as 
alfalfa and wheat. These are the usual substances added to 
a poor soil to make it more productive. We are not concerned 
with any theory of fertilization, only with the big facts gen- 
erally accepted and abundantly proved that the addition of 
these substances to soils of low productive capacity increases 
the production and this is the object of a rotation of crops. 
This may be effected by improving the sanitary conditions 
of the soil, by the possible addition of nitrogenous organic 
material, and by increasing the amount of soluble potash and 
phosphoric acid. 


THE EFFECTS OF GROWING CROPS—CLOVER AND ALFALFA 


The growing of a crop, especially one that is removed from 
the land, cannot add to the total amount of potash or of phos- 
phoric acid in the soil. It might change the availability of these 
in the soil, i. e., change the form in which they are present, but 
so far as the quantity is concerned, every crop removed from 
the land diminishes the amounts of these two elements that may 
be present. If the rotation benefits the soil by producing a con- 
trary effect, it must be in some other way than by a direct addi- 
tion of them. This matter stands differently with the nitrogen. 
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The wheat and other grasses, however, depend upon the nitro- 
gen in the soil for their supply of this element, as well as for 
the other needed elements, and consequently tend to reduce 
the amounts present. 

The legumes, i. e., the clover and alfalfa in this case, are 
different in that they serve as hosts for certain organisms, by 
virtue of whose presence they are enabled to draw upon the 
atmospheric nitrogen for a portion of their supply. In the ab- 
sence of these organisms these plants, like other green plants, 
use the soil nitrogen for their growth and their requirements 
are very big. They are heavy-feeding plants; dry alfalfa hay 
carries about 9 percent of ash, and a little more than 2 percent of 
nitrogen. For every 414 tons of hay, 213 pounds of potash and 
40 pounds of phosphoric acid (P:O:) are removed from the soil. 
This amount of hay contains in round numbers, 200 pounds of 
nitrogen. The average crop of alfalfa in former years was 
actually 414 tons, but has fallen to about 314, according to my 
best information. 


As we have these three food elements almost exclusively 
in view we will consider only these. It is evident that we are 
taxing ordinarily good soils heavily when we withdraw with 
every 414 tons of hay removed the above amounts of plant foods. 
This nitrogen, however, comes partly from the air and partly 
from the soil. I have never met with any apparently well-based 
estimate of how much is obtained from the respective sources 
and it does not matter to us, for our question is in regard to 
the amount of nitrogen in the soil after the crop has occupied 
it for 2 or more years. The general view is that the soil is 
actually richer in nitrogen after than before the crops were 
grown. This is a very natural inference from the facts that 
the leaves are constantly falling off and collect on the. surface 
of the ground and also that in making hay there is a big loss, 
seldom less and often very much more, than 20 percent of the 
total green crop. The leaves carry, as a rule, rather more than 
3 percent of nitrogen and are very rich in ash—12 to 15 per- 
cent. It seems self evident that in this way a good deal of nitro- 
genous organic matter is actually added to the soil. The sur- 
face soil, scraped up with the remnants of these leaves and 
stems in it, is found to be actually a little richer in nitrogen 
than surface soil without this debris, so this inference is not 
unreasonable even though its application in the explanation of 
the benefits accruing to the soil due to the rotation is not justi- 
fied by its quantity. This subject will be treated in detail in 
another section. The present object is to point out definitely 
the objects of this study, for I have stated that in their big 
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features they are not very complex and this makes it evident 
that no attempt is to be made at exhaustiveness or detail. 


The question of potash used has somewhat the same com- 
plexion as that of nitrogen in that it is freely appropriated. 


Clover is not extensively grown in Colorado, though it does 
well in most sections. The composition and ash content is nearly 
like alfalfa. Water-free clover hay, Colorado grown, carries 
ash, 10.63 percent; alfalfa, 9 to 10 percent; crude protein, 14.18 
percent; alfalfa, 14 to 15 percent. The ash of clover hay carries 
potash (K:O), 26.80 percent; alfalfa hay, 28.0 percent. The 
alfalfa ton for ton, carries rather more of both nitrogen and 
potash than the clover and will produce more tons of hay. They 
are both heavy feeders and excellent members of a rotation. 


The potash in the soil presents different questions from 
those presented by nitrogen. In every soil there is a definite 
amount present which is seldom or ever increased by natural 
causes, whereas the nitrogen is not a fixed quantity, but dne 
that varies continuously in quantity present and in its form. All 
plants require that this nitrogen be prepared for them. Most 
plants require that it be presented to them in the form of 
nitrates, which is effected by the soil organisms. Some of these 
organisms gather the atmospheric nitrogen and through their 
agencies it becomes available for plant growth. No such thing 
as this can happen in the case of the potash. The sum total is 
there to begin with and debarring its removal in the form of 
crops, it practically all remains there. A little may be removed 
by drainage, but this amount is small. 


MINERAL CONSTITUENTS Must BE SOLUBLE 


Plants obtain the whole of their mineral constituents from 
solutions and if the whole of the potash in the soil were insol- 
uble, plants; would not grow in it. How much potash must be 
brought and held in solution at any one time in order for alfalfa 
or potatoes, for instance, to make a maximum growth, I do not 
know. Nor have I any notion of what percentage of the solu- 
ble potash present is actually appropriated by either of these 
crops. I cannot believe that a maximum crop can be grown with 
an amount of soluble potash present which is barely sufficient 
to furnish the amount required by the crop. I have seen the 
statement that very dilute solutions will suffice so long as the 
total requirement is met. Our problem does not require any 
consideration of this question. 


*. 


* 
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The potential supply of potash in our soils is abundant. 
Our average lies between 2.25 and 2.50 percent of the air- 
dried soil. Air-dried may be taken as meaning about 3 percent 
of moisture. The percentages given indicate that an acre-foot 
of our soil contains from 45 to 50 tons of potash (K20). Of 
course, this is not soluble in water, at least not quickly. In or- 
dinary language this is insoluble and must be brought into 
solution by some means before plants can use it. Weathering, 
a name used to designate a series of changes or decompositions 
brought about by climatic condition, cultivation, manuring, even 
with potash-free manures, prepares this potash for the use of 
plants. 

I have said that only small amounts of potash are lost by 
drainage, even though the potash to be available to the plants 
must be soluble in water. Any loss of this sort is prevented 
by the properties of the decomposition products of the soil them- 
selves, which hold a good deal of this substance loosely, not so 
firmly that it cannot be obtained by the plant, but firmly enough 
to prevent its being carried away by the ordinary water supply. 
This function is exercised by the compound particles built up in 
the soil, often called aggregates. In most of our soils these 
aggregates are not very firm and excessive water breaks them 
up and our soil puddles and bakes. The rotation may make 
potash available, but it cannot add potash. 


THE PHOSPHORIC ACID 


The questions presenting themselves in connection with 
phosphoric acid may be interesting, but are perplexing. Most 
of our soils are fairly well supplied with it—from 0.10 to 0.18 
percent in most soils. A few are richer and many poorer. 
When the crop is removed from the land, as is often the case 
with our alfalfa, a great deal of phosphoric acid is lost from 
the soil. These are practically the rough features of our prob- 
lems succinctly recapitulated. 


The sanitary conditions of the soil we understand to be the 
suppression of pathogenic fungi or other micro-organisms that 
have been detrimental to the crops we desired to grow or to an 
increase of beneficial micro-organisms. This work is entirely 
beyond our province. The mechanical condition of the soil 
which is improved refers to its tilth. Of this we have no meas- 
ure, nor can we specify in what it definitely consists, though 


eyaee and the forming of soil aggregates are certainly parts 
ef it. 
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The legumes in particular have been considered as increas- 
ing the supply of nitrogen by direct addition to it. No stress 
has been laid upon their indirect effects by improving the sani- 
tary conditions of the soil and thereby permitting a subsequently 
‘increased fixation and nitrification of this element to the advan- 
tage of succeeding crops. 


The potash (K2O) has not been considered as playing any 
important and direct part in the benefits produced. Alfalfa 
plants are very heavy feeders upon this element, a crop of 414 
tons removing more than 213 pounds per acre. This question 
is not involved, as the nitrogen question is, by any possible in- 
crease from the atmosphere or other source. The soil has a 
fixed potential supply and the question is whether this potential 
supply can be made an actual one rapidly enough to meet the 
demands of succeeding crops in such measure as to give an 
increase. 


We do not know the optimum ratio between the total avail- 
able supply and the requirements of a maximum crop, other 
conditions being more favorable than the minimum limiting 
condition. One of the general properties of soils is a power to 
remove potash from solutions enabling them to prevent the re- 
moval of this element from the soil by moving water but not 
to prevent plants from obtaining it. In connection with this 
property, perhaps only another feature of it, is the exchange 
of soda or lime for the potash that it takes up. We may ex- 
plain by this property the fact that our drain waters contain 
principally calcic and magnesic sulfates and sodic carbonate 
with only a little potash salts of any kind. This statement ap- 
plies in general to our return waters. The local reader must 
bear in mind that while the general facts applying may be uni- 
versal, the semi-arid conditions of Colorado present a very 
marked case in which we have an accumulation of soluble salts. 
Our irrigating is confined to the growing season of our crops 
and is aimed to supply them with only the necessary amount of 
moisture for their development, including the seasonal rainfall 
which is in the total only light, or we would not have a semi- 
arid condition. For the greater part of the year there is not 
moisture enough to move the products of the weathering of the 
soil particles to any considerable distance downward in the 
soil. There is very little of our soil that, under favorable con- 
ditions, fails to show the efflorescence of white salts, designated 
as white alkali, which moves up and down in the soil and may 
move entirely out of it, but the potash involved in the changes 
is prevented by the soil itself from participating freely in these 
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movements, so it happens that the efflorescences, contain sul- 
fates of lime, magnesia and soda principally, but occasionally 
small amounts of potash up to perhaps 3.5 percent calculated 
as sulfates, and the drain waters, calcic and magnesic sulfates 
and sodic carbonate sometimes with a little potash. The ground 
waters are usually intermediate in the composition of the salts 
held in solution, but even these carry only small amounts of 
potash. These salts participate only slightly in the movements 
of the salts in the soil, being held in loose combination by the 
soil particles, and are available to the plants. 


We have stated the potential supply or the total potash in 
our soils to constitute from 2.25 to 2.5 percent of their weight. 
We have also referred to the process of weathering whereby 
the so-called alkalis, among which potash is seldom present, are 
produced. We have also stated that the potash with which 
plant growth or crop production is concerned is held in some 
kind of combination by the soil particles. None of these state- 
ments intimates that the potash in the soil takes no part in the 
changes produced by weathering or decomposition. In Part I, 
Section II, of this bulletin we have set forth that this is not 
the case, but on the contrary that it is the element most largely 
involved in these changes. We shall come back to this subject. 


The phosphoric acid, like the potash, is, for a given soil, a 
quantity that may be diminished but not increased by any sys- 
tem of rotation. There are questions of its availability. If a 
rotation of crops improves this condition of crop production it 
must be by enabling the succeeding crop to obtain more read- 
ily the amounts needed by it. I do not recall having seen any 
statements concerning the manner of action of any crop on this 
factor. The solubility of the various forms of phosphoric acid 
or its salts in the soil has been discussed by very many writers. 
Our soils everywhere contain soluble salts, principally sulfates, 
but also carbonates. Our ground and drain waters contain sodic 
carbonate; our river waters within their mountain sections, car- 
bonates of lime, magnesia, potash and soda. 


PHOSPHORIC ACID IN SOIL SUFFICIENT 


Our soils are nowhere deficient in calcium. On the con- 
trary, it is common for them to carry from 1.5 to 6.5 or more 
percent of calcic carbonate, occasionally sulfate, even in great 
excess. The deportment of the phosphates in our soils has not 
been made out. Our observations on the effects of phosphates 
applied to the soil have not been in accord with those observed 


Jan., 1930 EFFECTS OF CLOVER AND ALFALFA IN ROTATION 15 


elsewhere and we have no explanation to offer for the fact. The 
explanation cannot be formulated to the effect that we have an 
abundance of phosphoric acid in our soil. If we have, the 
standards adopted as criteria in this matter do not apply in our 
case. This may be true. I recall having seen the statement 
that plants could satisfy their needs for phosphoric acid from 
a solution carrying no more than 1 part per million, but the 
general notion concerning the amount in an ordinarily produc- 
tive soil is, for the lowest limit, 500 parts per million and 1,000 
parts for a modicum. We have applied super-phosphate to 
soils showing the lower limit or scarcely more than this with 
no advantage whatever. The only conclusion that we could 
draw was the very evident one, that the quantity present in the 
soil was sufficient, whether it was in accord with the dicta of 
the authorities or not. Perhaps the claim that very dilute solu- 
tions of phosphates are sufficient to satisfy the demands of 
plants, may be nearer the truth than the limits given. It is cer- 
tain that the application of 15 p. p. m. of soluble phosphorus, 
34.5 p. p. m. of phosphoric acid, to the soil with which we have 
experimented in this study, produced no increase of crop and 
produced no effect upon its date of maturing, or its quality. 


PLANTS PREPARE THEIR OWN FoopD 


There remains another consideration, to wit; the action 
of the rotation crop through its own activities in bringing about 
new conditions. An old explanation of how crops feed was that 
they excreted substances, acids, that attacked the soil particles 
and brought the food elements into solution. We have for a long 
time assumed that a 1 percent solution of citric acid imitated 
this action quite well. This would appear to be an arrangement 
for the supply of the plant’s necessities, but would not offer any 
explanation of the decided benefits accruing to succeeding crops, 
which is the question with which we are concerned, unless the 
acid excreted brought more of the specific plant foods into solu- 
tion than could be used by the plant in question. 

The etching figures on a polished surface of limestone are 
accepted as proof of these acid excretions, but whether they are 
other than an aqueous solution of carbon dioxid is still in doubt 
so far as I know. Whether there be any other acid excreted 
by the roots or not, we are fully justified, as shown in Part I 
of this bulletin, in stating that carbon dioxid is given off by 
the roots in large quantities, sufficient to maintain a quantity 
equal to upwards of 1 percent, 1.5 to 1.7 percent, of the soil 
atmosphere, notwithstanding the lively diffusion of this gas 
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from the surface of the soil. This was shown by experiments 
made in 1921, 1922 and 1923. The atmosphere at 6.5 feet above 
the surface contained approximately 0.04 percent, while that 
at the surface of the fallow ground, but under a covering of 
two thicknesses of canvas, was approximately 0.15 percent, or 
four times as much. 


PRELIMINARY OBSERVATIONS ON CARBON DIOXID 


Part I presented the results of a preliminary series of ob- 
servations on the development of carbon dioxid in the soil at 
different depths in fallow ground for three seasons and in 
cropped land for two seasons. The fallow land was not irri- 
gated; the cropped land was irrigated. The record of temper- 
ature and rainfall was obtained from the station record. The 
second section of Part I presents a study of the action of carbon 
dioxid and water on felspar, with a few experiments to show 
its action on the soil and subsoil, which are highly calcareous. 
This disctission was presented because of the fundamental im- 
portance of the facts. 


SCOPE OF THIS WORK 


Part I presents only the fallow and the effects of clover 
and mixed grasses on the soil atmosphere. We shall in this part 
extend these observations to the effects of alfalfa, wheat and 
corn and also include clover and fallow. Further we shall pre- 
sent an extended series of total and nitric nitrogen determina- 
tions, a study of the exchange values of the soil, the effect of 
the rotation upon the water-soluble potash in the soil, and a 
brief study of the deportment of the soil after the crops have 
been plowed under and the soil cultivated fallow. The points 
that we ‘shall try to present will be the study of the amcunt of 
carbon dioxid developed in these plots and the duration of the 
effects of the crop in this regard; also the amount of nitrogen, 
total and nitric, for a short period. We shall further endeavor 
to present the effects of these crops upon the fixing and nitrify- 
ing capacity of the soil. While we lay stress upon the effects 
of this rotation on the relations of these crops to the soil nitro- 


gen, we shall also present the effects upon the amount of potash 
soluble in water. 


SANITARY CONDITIONS OF SOIL 


While we believe the sanitary and mechanical conditions 
of the soil to be of primary importance, we cannot present any 
study of these features except as they may be indicated by the 
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effects of the rotation in the fixing and nitrifying power of the 
soil. Beyond this we shall be compelled to confine ourselves 
largely to purely chemical considerations, which, in fact, are 
inadequate. 


CONVENTIONAL TO CONSIDER NITROGEN FIRST 


In this connection it certainly will be conventional to give 
nitrogen the first place, though it presents many difficulties. It 
is not unvarying in its quantity present in the soil; on the con- 
trary, it is constantly being added to and removed from the 
soil. Further, it is a question in what form plants take it from 
the soil, but in the main there is only one form to be considered 
and that is nitric acid or nitrates. Whatever nitrogen may be 
present in the soil, its significance is simply an indication of the 
possible supply of nitrates by its conversion into these salts 
which are not at all permanent in the soil. They may be used 
up almost completely by growing crops, by the soil flora, or they 
may be removed by water. 

In our experiments we have not used land that has been 
heavily manured in the past, nor such as is rich in humus, 
which might enrich the soil in comparatively stable forms of 
nitrogen. The nitrogen in our soils seems to be very reactive 
and subject to rapid variations. Its distribution is so capricious 
that it is very difficult, almost impossible, to be sure that a sam- 
ple taken in a field is really representative. At one time I took 
150 samples from a block of land 5 by 30 feet, or a 1-foot core 
from the center of each square foot. The minimum found was 
0.11016 percent and the maximum 0.1455 percent. The dif- 
ference is 0.0354 percent and occurred in 2 adjacent square 
feet. The average total nitrogen found in other samples of this 
field is 0.1448 percent, very nearly the same as that found as 
the maximum in our 150 samples whose average is 0.12631 per- 
cent. The history of the particular plot sampled should be 
known before too much confidence should be entertained in us- 
ing the results in judging of changes even in adjoining land. 


ALFALFA AND NITROGEN 


In an attempt to form a definite estimate in regard to the 
effects of alfalfa upon the nitrogen content of the land occu- 
pied by it, we were compelled to choose a piece of land that had 
been in alfalfa for 4 years and before that had been used as a 
pasture or rather a run for horses. While this land is separated 
from that just discussed by only some 300 feet, it is different 
soil and has a different past. It, however, was the best available. 
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This was sampled systematically throughout the season of 
1926 on 53 different dates. The first foot was taken in 2 sam- 
ples, each 6 inches. The average of these is 0.1327 percent for 
the total nitrogen. This is only a little higher than the aver- 
age found for our 150 samples, i. e., 0.1263, and is a little lower 
than the average of general samples from the adjoining land. 
We cannot obviate this weakness in our data, but we believe it 
to be no more serious than the variations found in different 
sets of samples taken from this field itself. It is unfortunate 
that we have no analyses giving the nitrogen content of this 
soil 5 and 6 years ago. They would make our data much more 
satisfactory. As it is the data show the present state of affairs 
and we can only assume that it was formerly not unlike the rest 
of the land, which I believe to be correct within reasonable lim- 
its. These statements relate to the total nitrogen and have no 
reference to the nitric nitrogen and would have no value if they 
were intended to refer to it. 

The portion of the alfalfa field sampled was about 2 acres 
in size which was sampled in 5 lines, 3 parallel to its shorter 
side and 2 diagonals. A core was taken in each line every 10 
paces, approximately 30 feet apart, and 8 cores were united to 
form a sample. Fifty-three sets were taken to the depth of 1 
foot and 7 sets to a depth of 6 feet. 


WHAT OUR SAMPLES REPRESENT 


It is unfortunate, as already intimated, that this whole set 
of samples represents nothing more than the facts obtaining 
in this soil during the season of 1926, after the land had been 
in alfalfa for 4 years, preceded by pasturing or use as a run for 
horses for several years, possibly 12 or even 15 years. We do 
not know what the supply of total nitrogen was previous to 
laying it down to alfalfa, and for reasons already given we 
cannot compare it with any other plot in this respect. These 
data do show, however, the amount and distribution of both 
the total and nitric nitrogen in this soil after its being in alfalfa 
for 4 years, for each successive 6 inches to a depth of 6 feet with 
a separate sample representing the loose soil and plant debris 
scraped off the surface of the soil. 


We here give the averages obtained for the total nitrogen 
in adjacent land sampled to a depth of 1 foot. This land is level 
and is all of the same type and, from a general standpoint, of 
the same character. General samples of this soil taken over a 
period of several years is 0.1558 percent, to a depth of 1 foot; 
for 150 samples taken on same date, 0.1263, and for the 53 sam- 
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ples taken for this field that had been in alfalfa for 4 years it 
is 0.13827 percent. 


It has been stated that the data given for total nitrogen 
apply only indirectly to the nitric nitrogen which is the form 
taken up by plants and the nitrogen designated as total must 
be changed to this form before it has any value as a plant food. 
This change in the soil is accomplished by certain organisms 
and the total nitrogen is only a potential supply for the plants. 
This change is accomplished rapidly in some soils and more slow- 
ly in others; besides all nitrogen is not equally easily nitrifiable. 

The amount actually available at any time during the 
erowth of the crop will depend upon the efficiency of the soil to 
effect this change. These nitrates are easily soluble in water 
and therefore available to the plants; further, the soil aggre- 
gates have little or no power to retain them and therefore water 
may, if sufficient in quantity to cause drainage, move them 
downward and even out of the soil. 


CROPS AND NITRIFICATION 


It is also claimed that some plants favor the growth and 
activity or efficiency of these organisms while others are antag- 
onistic to them and so tend to prevent the formation of nitrates. 
Grasses in general are supposed to sustain the latter relation to 
them. All growing plants tend to reduce the amount of nitrates 
in the soil by using them up. This, in some cases, applies to 
the micro-organisms as well as to our cultivated crops. The 
amount of nitrates found at any time under any crop is simply 
the amount that survives appropriation by the crop and other 
losses. If its formation has been prevented by the growing 
crop, as is claimed to be the case in some instances, another 
problem is presented. 

There may be very considerable differences in the amounts 
of these salts present in the same land occupied by growing 
plants and free from them. In short stretches of rows where 
no stand has been obtained the nitrates are apt to be high; for 
instance, in a fallow spot in a beet field, in samples taken be- 
tween the rows, we got 28 p. p. m. nitric nitrogen, equivalent 
to 168 pounds of sodic nitrate per million of soil, or in this case 
in the top 3 inches of the soil; whereas we found between the 
beets in the row from 0.75 to 5 p. p. m., the latter amount being 
equal to 30 pounds of sodic nitrate in the same amount of soil. 
But in our alley between the beet plots we obtained 35 p. p. m., 
equivalent to 210 pounds of sodic nitrate. These facts justify 
us in using great caution in interpreting the results obtained 
unless we are acquainted with the cultural history of the sam- 
ple and its local conditions as well. 


20 
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RECORD OF THIS LAND SINCE 1919 


The cultural treatment of this land since 1919 as furnished 
by Dr. Robertson of the department of agronomy is as follows: 


1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 


Summer fallow. 

Winter rye. 

Clover. 

Spring wheat. 

Spring wheat. 

Began our experiments. 

Continued them. 

Plowed under crops, also plowed fallow 23 September. 
Part of land planted to spring wheat and observations 
on fixation, nitrification and soluble potassium con- 
tinued 


The following tables give the total and nitric nitrogen in a 
4-year-old alfalfa field, and in Section 300, a fallow after 2 years 
in wheat; also in Section 100, contemporary observations on 
fallow and alfalfa plots. 
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TABLE 1.—Total Nitrogen and Nitric Nitrogen in Soil of a 4-year-old Alfalfa 
Field. Top 6 inches. Season 1926*. 


Total Nitric Total Nitric 
Date : Percent 3 p.p.m. Date Percent p.p.m. 
Ae* D 
19 Apr. 0.1484 1.0 NW to SE 
10 May 0.1266 8.0 4 May 0.1596 3.0 
1 June 0.1526 3.0 19 May 0.1893 6.0 
7 June 0.1456 4.0 12 June 0.1519 4.0 
10 July 0.1589 11.0 3 July 0.16381 9.0 
24 July 0.1505 9.0 19 July 0.1456 7.0 
9 Aug. 0.1526 13.0 4 Aug. 0.1589 10.0 
21 Aug. 0.1491 6.0 16 Aug. 0.1638 10.0 
9 Oct. 0.1582 9.0 nO) Clue 0.1645 9.0 
L5i Nov. 0.1547 6.0 at Oot. 0.1657 10.0 
1 Dee. 0.1582 6.0 
Average .1507 Average 1b Te 
’ 
Total Nitrie¢ Total Nitric 
Date Percent p.p.m. Date Percent p.p.m. 
B EK 
27 Apr. 0.1498 6.0 NE to SW 
13 May 0.1491 6.0 24 May 0.1610 5.0 
5 June 0.1680 3.0 15 June 0.1490 4.0 
26 June 0.1778 7.0 23 June 0.1568 5.0 
$4 July * 0.1757 8.0 7 July 0.1673 8.0 
28 July 0.1638 10.0 22 July 0.1540 6.0 
11 Aug. 0.1617 12.0 7 Aug. 0.1540 8.0 
25 Aug. 0.1792 6.0 18 Aug. 0.1561 — 
23 Sept. 0.1484 4.0 18 Sept. ’ 0.1624 6.0 
12 Oct. 0.1617 5.0 6: Oct, 0.1680 5.0 
19 Nov. 0.1638 6.0 9 Nov. 0.1624 3.0 
4 Dee. 0.1624 6.0 
Average .1608 Average -1589 , 
Total Nitric 
Date Percent p.p.m, 
Cc 
30 Apr. 0.1505 6.0 
18 May 0.1561 3.0 
9 June 0.1498 4.0 
30 June 0.1477 6.0 
16 July 0.1491 6.0 
31 July 0.1526 9.0 
14 Aug. 0.1470 10.0 
28 Aug. 0.1876 5.0 
29 Sept. 0.1533 7.0 
16 Oct. 0.1582 5.0 
26 Nov. 0.1568 6.0 
Average SUGGS Ue oe ee ee See 


* All samples were taken and determinations made by Mr. Vail. The average 
for all the 6-inch samples is: Total nitrogen 0.1566 percent (0.1266—0.1792, diff. 
0.0526 percent); for the nitric nitrogen the average is 7.0 p. p. m. 


** Letters A, B, C, D and E indicate lines of sampling. 


ae COLORADO EXPERIMENT STATION Bulletin 362 


TABLE 2.—Total Nitrogen and Nitric Nitrogen in Soil of a 4-year-old Alfalfa 
Field, 7 to 12 inches. Season of 1926. 


Total Nitric . Total Nitric 
Date Percent p.p.m. Date Percent p.p.m, 
A Dp 
19 Apr: 0.1085 3.0 4 May 0.0980 1.0 
10 May 0.0980 3.0 19 May 0.1050 3.0 
1 June 0.1078 2.0 15 June 0.0994 2.0 
nae 0.1029 2.0 5 July 0.1078 4.0 
10 July 0.1071 6.0 19 July 0.1001 aya) 
24 July 0.1064 3.0 4 Aug. 0.1155 3.0 
9 Aug. 0.1071 5.0 16 Aug. 0.1148 4.0 
21 Aug. 0.1057 3.0 2yOerw, 0.1120 4.0 
9 Oct. 0.1141 3.0 zi Oat: 0.1134 3.0 
15 Nov: 0.1036 4.0 1 Dec. 0.1085 4.0 
Total Nitric Total Nitric 
Date Percent p.p.m. Date Percent p.p.m. 
B BH 
27 Apr. 0.1057 3.0 29 May 0.1120 3.0 
13 May 0.1015 3.0 15 June 0.0980 2.0 
5 June 0.1169 3.0 23 June 0.1113 3.0 
26 June 0.1099 3.0 7 July 0.1029 3.0 
4 July 0.1232 3.0 22 July 0.1064 3.0 
28 July 0.1071 : 3.0 7 Aug. 0.1064 3.0 
1 Aug. 0.1106 ; 3.0 18 Aug. 0.1043 6.0 
25 Auy. 0.1162 4.0, 18 Sept. 0.1120 3.0 
23 Sept. 0.1218 3.0 6 Oct. 0.1127 2.0 
LanOct. 0.1008 3.0 9 Nov. 0.1042 3.0 
19| Nov. 0.1127 4.0 + Dec. 0.1078 4.0 
Total Nitric 
Date Pereent p.p.m. 
G 
39 Apr. 0.1092 3.0 
18 May 0.1092 3.0 
9 June 0.1064 2.0 
30 June 0.1015 3.0 
16 July 0.0959 3.0 
ol July 0.1064 : 3.0 
14 Aug, 0.1043 3.0 
28 Aue. 0.1134 2.0 
29 Sept. 0.1029 3.0 
oO Ock 0.1106 3.0 
26 Nov. 0.1106 4.0 


The average for all samples 7 to 12 inches is: Total nitrogen, 0.1077 percent; 
nitrie nitrogen, 2.0 p. p. m. 
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TABLE 3.—Total Nitrogen and Nitric Nitrogen in Soil of a 4-year-old Alfalfa 
Field. Season of 1926. 
6-Inch Sections to a Depth of 72 Inches. 


Date 19 May 23 June 22 July 21 Aug. 
Depth Total Nitric Total Nitric Total Nitric Total INitric 
Inches . Percent p.p.m. Percent )p.p.m. Percent p.p.m. Percent p.p.m. 
*Surface 0.1820 11.0 0.1876 = 0.2097 18.0 0.1946, 15.0 
0- 6 0.1393 6.0 0.1568 .0 0.1540 6.0 0.1582 9.0 
7-12 0.1050 3.0 0.11138 3.0 0.1064 3.0 0.1059 3.0 
13-18 0.0644 2.0 0.1714 a) 0.0672 2.0 0.0623 2.0 
19-24 0.0467 2.0 0.0378 2.0 0.0483 2.0 0.0448 2.0 
25-30 0.0203 1.0 0.0885 2.0 0.0857 2.0 0.0336 1.0 
31-36 0.0280 1.0 0.0301 2.0) 0.0294 2.0 0.0280 1.0 
37-42 0.0238 1.0 0.0294 2.0 0.0266 2.0 0.0322 1.0 
43-48 0.0238 1.0 0.0322 1.0 0.0257 1.0 0.0294 2.0 
40-54 0.0315 1.0 0.0301 2.0 0.0322 2.0 
55-60 0.0336 2.0 0.0287 1.0 0.0808 1.0 
61-66 0.0294 2.0 0.0259 2.0 0.0294 2.0 
67-72 0.0336 1.0 0.0308 1.0 0.0322 2.0 
Date 23 Sept. 27 Oct. 26 Nov. 
Depth Total Nitric Total Nitric Total Nitric 
Inches Percent p.p.m. Percent p.p.m. Percent p.p.m. 
*Surface 0.2457 4.0 0.2261 27.0 0.2149 29.0 
0- 6 0.1484 4.0 0.1657 10.0 0.1568 6.0 
7-12 0.1218 3.0 0.1134 3.0 0.1166 4.0 
13-18 0.0812 2.0 0.0616 3.0 0.0714 2.0 
19-24 0.0532 2.0 0.0469 1.0 0.0511 2.0 
25-30 0.0392 1.0 0.0857 1.0 0.0899 2.0 
31-36 0.0371 1.0 0.0294 1.0 0.0329 1.0 
37-42 0.0280 1.0 0.0259 2.0 0.0266 1.0 
43-48 0.0287 1.0 0.0238 1.0 0.0259 2.0 
19-54 0.0280 1.0 0.0224 1.0 0.0266 2.0 
95-60 0.0294 1.0 0.0266 1.0 0.0252 1.0 
61-66 0,0273 hed) 0.0245 1.0 0.0259 1.0 
67-72 0.0308 1.0 0.0252 120) 0.0306 2.0 


*Surface means loose material, 
with the hand. 


soil and plant debris that could be taken up 
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at 


TABLE 4.—Total Nitrogen and Nitric Nitrogen to the Depth of 6 Inches, See- 
tion No. 300 of the Hxperiment Station Plots. Fallow in 1926. 


Total Nitric Total Nitric 
Date Percent p. p.m. Date Percent DP su. 
nN D 
19 Apr. 0.1022 3.0 19 May 0.1085 6.0 
4 May 2 0.1120 3.0 9 June 0.1134 8.0 
DENA: 0.1127 5.0 22 June 0.1106 8.0 
15 June 0.1071 7.0 14 July 0.1127 11.0 
3 July # 0.1041 6.0 28 July 0.1092 12.0 
19 July 0.1064 ABIL) 11 Aug. 0.1071 11.0 
4 Aug. 0.1169 13.0 25 Aug. 0.1134 15.0 
16 Aug. 0.1113 14.0 2 OG 0.1148 14.0 
18 Sept. 10 i U3 12.0 26 Oct. 0.1134 19.0 
9 Oct. 0.1071 16.0 LEbeck 0.1120 17.0 
15 Nov. 0.1092 11.0 
Average .1093 
Total Nitric Total Nitric 
Date Percent 1O)y 10 ys anal, Date Percent p. p. m. 
B BE 
27 Apr. 0.1057 3.0 18 May 0.1155 6.0 
10 May 0.1092 4.0 12 June 0.1127 9.0 
1 June 0.1008 5.0 30 June 0.1064 10.0 
17 June 0.1120 8.0 16 July 0.1148 LER) 
ih uly 0.4127 950 31 July 0.1169 20.0 
21 July 0.1085 14.0 14 Aug. 0.1141 HO 
% Aug, OnL2 7 tale) 28 Aug. 0.1176 15.0 
18 Aug. 0.1092 16.0 6 Oct, 0.1190 15.0 
22 Sept. 0.1134 14.0 9 Nov. 0.1120 9.0 
12 Oet. 0.1155 22.0 4 Dec. 0.1099 17.0 
19 Nov. 0.1064 18.0 
Average 1097 
Total Nitric 
Date Percent NO, 19 aga 
(C 
30 Apr. 0.1036 4.0 
13 May 0.1085 4.0 
5 June 0.1162 6.0 
26 June 0.1092 OR) 
10 July 0.1078 Sale et) 
24 July 0.1120 11.0 
9 Aug. 0.1134 16.0 
20 Aug. 0.1106 14.0 
29 Sept. 0.1155 14.0 
6) Ot, O27 16.0 
24 Nov. 0.1127 18.0 
Average a 


The average for all samples 0 to 6 inches is: Total nitrogen, 0.1110 percent; 
nitric nitrogen, 11.0 p. p. m. 
A, B, C, D and © have the same relation to the plot as in the preceding tables. 
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TABLE 5. 


3800, Experiment Station Plots. Fallow in 1926. 


Total Nitrogen and Nitric Nitrogen from 7-12 Inches, Section No. 


Total Nitric Total Nitric 

Date Percent De De ua. Date Percent 19} 195 ely 
A D 

19 Apr. 0.0987 3.0 19 May 0.0952 5.0 
+ May 0.1042 2.0 9 June 0.0957 6.0 
24 May 0.0952 4.0 22 June 0.1001 7.0 
15 June 0.1071 eeu 14 July 0.0924 7.0 
3 July 0.0896 6.0 28 July 0.0994 8.0 
19 July 0.0868 8.0 11 Aug. 0.0994 6.0 
4 Aug. 0.0910 7.0 25 Aug. 0.1008 8.0 
16 Aug. 0.0931 7.0 2 Oct. 0.0959 9.0 
18 Sept. 0.0966 7.0 26 Oct, 0.0959 9.0 
So Oech. 0.0931 8.0 1 Dec. 0.0952 17.0 
15 Nov. 0.0952 11.0 
Average 0.0866 

Total Nitric Total Nitric 
Date Percent 1D. DP. m1. Date Percent D. D. 1. 

B B 

27 Apr 3.0 18 May 0.0973 6.0 
10 May 0.0819 4.0 12 June 0.1001 7.0 
1 June 0.1015 5.0 30 June 0.1008 8.0 
17 June 0.1022 9.0 16 July: 0.1022 C20 
7 July 0.0994 7.0 21 July 0.1001 11.0 
21 July 0.0994 10.0 14 Aug. 0.1001 8.0 
7 Aug 0.1008 8.0 28 Aug. 0.0973 7.0 
18 Aug 0.0959 10.0 6 Oct. 0.1015 7.0 
22 Sept 0.0966 7.0 9 Nov. 0.0966 10.0 
12 Oet 0.0924 8.0 4 Dec. 0.0945 14.0 
19 Nov 0.0959 13.0 
Averaze 0.0966 

Total Nitric 
Date Percent p. p.m. 

¢ 

30 Apr. 0.1001 5.0 
13 May 0.0924 5.0 
5 June 0.1008 5.0 
26 June 0.1001 7.0 
10 July 0.0945 8.0 
24 July 0.1029 8.0 
9 Aue. 0.1001 10.0 
20 Aug. 0.0980 10.0 
29 Sept. 0.0966 A) 
26: Oct. 0.0952 8.0 
24 Nov. 0.1015 16.0 
Average 0.1002 


The average for all samples taken 7 to 12 inches is: Total nitrogen, 0.0982 per- 
eent; nitric nitrogen, 8.0 p. p. m. 
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TABLE 6.—Total Nitrogen and Nitric Nitrogen in Section No. 300. Fallow 
in 1926. 


6-inch sections to a depth of 6 feet. 


Date 19 May 22 June 27 July 20 Aug 
Depth Total Nitric Total Nitric TotalleNiuic. /Lotall iNutrie 
Inches Percent p.p.m. Percent p.p.m. Percent p.p.m. Percent p.p.m. 
Surface 0.1134 3.0 0.1008 8.0 0.1106 8.0 0.1120 5.0 
0- 6 0.1085 6.0 0.1106 8.0 0.1085 14.0 0.1106 14.0 
(=12 0.0952 5.0 0.1001 7.0 0.0994 10.0 0.0980 10.0 
13-18 0.0672 5.0 0.0707 4.0 0.0658 5.0 0.0546 6.0 
19-24 0.0455 6.0 0.0511 6.0 0.0511 5.0 0.0504 6.0 
25-30 0.0871 8.0 0.0413 8.0 0.0378 7.0 0.0378 7.0 
31-36 0.0287 9.0 0.0294 11.0 0.0308 10.0 0.0322 8.0 
37-42 0.0294 9.0 0.0287 10.0 0.0294 atte) 0.0301 9.0 
43-48 0.0294 8.0 0.0315 9.0 0.0266 10.0 0.0266 7.0 
49-54 0.0280 7.0 0.0238 8.0 0.0231 5.0 
55-60 0.0252 6.0 0.0273 6.0 0.0257 4.0 
61-66 0.0252 7.0 0.0245 6.0 0.0233 5.0 
67-72 0.0273 7.0 0.0266 6.0 0.0252 5.0 
Date 23 Sept 26: Oct. 24 Nov. 
Depth Total Nitric Total Nitric Total Nitrie 
Inches Percent p.p.m. Percent p.p.m. Percent p.p.m. 
Surface 0.1106 6.0 0.1099 8.0 0.1155 6.0 
0- 6 @atatils} 14.0 0.1134 19.0 0.1127 18.0 
7-12 0.1001 10.0 0.0959 9.0 0.1015 16.0 
13-18 0.0644 7.0 0.0707 6.0 0.0665 8.0 
19-24 0.0518 7.0 0.0518 6.0 0.0539 8.0 
25-30 0.0399 8.0 0.0392 0) 0.0427 9.0 
31-36 0.0336 9.0 0.0322 8.0 0.0322 110) 
387-42 0.0350 10.0 0.0287 10.0 0.0280 10.0 
43-48 0.0280 9.0 0.0252 11.0 0.0252 9.0 
49-54 0.0266 9.0 0.0245 8.0 0.0224 (4X0) 
55-60 0.0273 8.0 0.02381 5.0 0.0231 6.0 
61-66 0.0252 6.0 0.0245 6.0 0.0224 5.0 
67-72 ; 0.0266 6.0 0.0252 6.0 0.0210 5.0 


TABLE 7.—Total Nitrogen and Nitric Nitrogen in Section No. 300, to a Depth 
of 10 Feet. Samples, 7 December, 1926. 


Total Nitric 

Percent ~:.D.m. 
First foot 0.1057 17.0 
Second foot 0.0560 6.0 
Third foot 0.0841 12.0 
Mourth foot 0.0280 13.0 
Fifth foot 0.0210 10.0 
Sixth foot 0.0252 7.0 
Seventh foot 0.0308 8.0 
Highth foot 0.0815 9:0 
Ninth foot 0.03850 11.0 


Tenth foot 0.0336 10.0 
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TABLE 8.—Total Nitrogen and Nitric Nitrogen in Fallow and Alfalfa Plots, 
Section No. 100. Season 1926. 


*RALLOW 

0 to 6 Inches 7 to 12 Inches 

Total Nitric Total Nitric 

Date Percent p.p.m. Percent p.p.m. 
21 May 0.1400 0) aS 7, 8.0 
19 June 0.1302 11.0 0.1134 10.0 
29 June 0.1302 12.0 0.1085 8.0 
26 July 0.1351 11.0 0.11384 7.0 
27 Aue. 0.13844 12.0 0.1169 8.0 
25 Sept. 0.13837 14.0 0.1120 6.0 
14 Oct. 0.1183 12.0 0.1008 3.0 
10 Nov. 0.1288 15.0 0.1092 10.0 
Average 0.1813 12.0 Cpe is rg 8.0 

ALFALFA 
0 to 6 Inches 7 to 12 Inches 

Total Nitric Total Nitric 

Date Percent p.p.m. Percent p.p.m. 
21 May 0.1506 2.0 0.1051 10 
19 June 0.1442 6.0 0.1176 4.0 
29 June 0.1428 8.0 0.1169 5.0 
26 July 0.1414 7.0 0.1169 3.0 
27 Aug. 0.1603 9.0 0.1260 3.0 
25 Sept. 0.1407 q. 0.1155 3.0 
14 Oct. 0.1435 6.0 0.1253 2.0 
10 Nov. 0.1414 4.0 in i a) 3.0 
Average 0.1456 6.1 0.1176 3.0 


*There were two plots fallow and two in alfalfa; four cores were taken from 
each plot and the eight cores were united to form composites for fallow and alfalfa, 
respectively. 


TABLE 9.—Total Nitrogen and Nitric Nitrogen in Fallow and Alfalfa Plots, 
Section No. 100. Season 1926. 
6-inch sections to a depth of 6 feet. 


FALLOW ALFALFA 

Date 21 May ib, Oct. 21 May 15, Oct* 
Depth | Total Nitric Total Nitric} Total Nitric Total Nitric 
Inches |Percent p.p.m. Percent p.p.m.|Percent p.p.m. Percent p.p.m. 
Surface | 0.1484 16.0 0.1750 8.0 a 

Surface | 0.1576 11.0 0.1477 15.0 0.1922 33.0 0.2163 37.0 
0- 6 0.1400 7.0 0.1183 12.0 0.1506 2.0 0.1435 6.0 
71-12 0.1197 9.0 0.1008 3.0 0.1051 EO) 0.12538 2.0 
13-18 0.0714 12.0 0.0747 3.0 0.0875 2.0 0.0770 2,0 
19-24 0.0525 13.0 0.0588 5.0 0.0609 1.0 0.0588 2.0 
25-30 0.0406 12.0 0.0462 2.0 0.0476 1.0 0.0476 10 
31-36 9.0857 9.0 0.0413 1.0 0.0366 3.0 0.03885 1.0 
37-42 0.0315 8.0 0.0357 8.0 0.0364 3.0 0.0336 1.0 
43-48 0.0280 6.0 0.0364 8.0 0.0322 HOE 0.0315 1.0 
49-54 SSS —— 0.03850 8.0 -_— 0.0287 1.0 
55-60 Ee SS 0.0287 4.0 SSS SS 9.0252 1.0 
61-66 SS 0.0257 6.0 —_ —- — 0.0259 1.0 
67-72 == 0.0259 5.0 See SS SSS 0.0245 2.0 


* Soil too dry. 
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It appears from these tables that from 18 or 30 inches 
downward the total nitrogen is not abundant and varies but 
little; from 18 to 30 inches there is less than 0.05 percent and 
from this point on between 0.02 and 0.04 percent. The top 18 
inches, especially the top 6 inches, of the land in alfalfa are 
richer in nitrogen than the fallow. On the other hand, the fal- 
low is much richer in nitric nitrogen than the alfalfa land, which 
is true to the depth of 72 inches. 


We believe that nitric nitrogen is essentially the only form 
available to plants. Its distribution to the depth of 6 feet is 
not uncommon, according to our observations, but it is rather 
more uniform in these samples than we have heretofore found 
to be the case. This evidently depends upon the amount of 
water, rain and irrigation water, that percolates through the 
soil. 


The nitric nitrogen is available to the plants, but the total 
nitrogen must first be transformed into nitric nitrogen. The - 
rate at which this change takes place in the soil is an impor- 
tant factor. This particular soil possesses a high nitrifying 
efficiency. How this efficiency is affected by such crops as wheat 
and alfalfa has not been studied, but others, Lyon and Bizzell, 
of the New York. Experiment Station, have shown that some 
plants, rye and timothy, depress this activity in the soil. In 
the land planted to alfalfa only that portion which may be 
scraped off the surface with the hand contains much of this 
form of nitrogen; either the alfalfa appropriates it readily or 
prevents its formation; it may do both. 


DISTRIBUTION OF NITROGEN IN OUR PLOTS 


The surface 6 inches in the alfalfa hay field contained 
0.0456 percent more nitrogen than a like depth of Section No. 
300 and the second 6 inches, 0.0095 percent more, but from 
this depth, 1 foot, to that of 6 feet, the differences are small 
and sometimes in favor of the fallow, five times out of eleven. 
We find the same relation in Section 100, in which case the 
fallow and the alfalfa land have the same previous history. 
This, as is elsewhere stated, is not the case with the alfalfa hay 
field and Section 300. The difference in the top 6 inches of the 
respective plots in Section 100 is 0.0148 in favor of the alfalfa 
or 286 pounds of nitrogen in this top 6 inches per acre, the aver- 
age of eight samplings. This difference may be due to the al- 
falfa, as the plots have the same history and each was sampled 
eight times and eight cores were united to form a single sam- 
ple. This ought to eliminate the accidents arising from the diffi- 
culties in sampling. 


Jan., 1930 EFFECTS OF CLOVER AND ALFALFA IN ROTATION 29 


This is the condition at the end of the season. There was 
a difference of 0.0106 percent in favor of the alfalfa plots at 
the beginning. On the 10th of November, the last date of sam- 
pling for the season, there was a difference of 0.0126 percent. 
The average difference in favor of the top 6 inches of the alfalfa 
soil for the whole season was 0.0148 percent or 286 pounds of 
nitrogen per acre to this depth. In our general statement we 
attribute the whole of this to the alfalfa, but it is clear that 
this is doubtful, as there was a difference of .0106 percent, 212 
pounds to the acre, to this depth in favor of the alfalfa plots to 
begin with, so if we deduct this there remains but 74 pounds 
per acre. This is too small an amount upon which to predicate 
an increase even though the samples were composites and taken 
with care and the nitrogen determinations done in duplicate. 


The nitric nitrogen is much more abundant in the fallow 
than in the alfalfa, from one and a half to four times as abun- 
dant. This is especially the case at depths greater than 6 inches. 


We can scarcely compare the alfalfa hay field and Section 
300 of the station plots, though they are only about 300 feet 
from one another in a piece of level land. The alfalfa was 4 
years old and the field had been used previously as a horse run 
during which time I do not know whether it was in any crop. 
Section 300 had been cropped to wheat or other grain 2 years 
out of 3 for the previous 6 years and was fallow in 1926, when 
we sampled it to see what results we would get. We regret 
that they are not comparable. 


The alfalfa hay field contains more nitrogen than the fal- 
low, but whether this is due to the history of the land or to the 
alfalfa is not shown. Had we known 6 or 8 years before we 
began these experiments that we would use this field and that 
it would be an alfalfa hay field we would have made records of 
the nitrogen in it and our later results would have been of 
greater value. The data pertaining to this field, after having 
been used as a pasture and then laid down to alfalfa for 4 years, 
show only that it is richer in nitrogen than another section lying 
about 300 feet to the east of it, which has been cropped to grain 
2 out of 3 years since 1920 and was fallow in 1926. 


Even in this alfalfa field the samples taken on the line A 
carry less nitrogen than those taken on line B, by 0.0101 per- 
cent, which shows that some of the variation in nitrogen is not 
due to alfalfa. This variation, 0.0101 percent, is almost as big 
as that that we find between the fallow and alfalfa plots of Sec- 
tion 100—0.0106 percent in favor of the alfalfa. 
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There is more nitric nitrogen in the fallow than under the 
alfalfa on all dates and depths except in the portion scraped oif 
the surface of the soil and containing actual plant debris, where 
we found under the alfalfa plants in Section 100, 33 p. p. m. in 
May and 37 in October, and in the alfalfa hay field we found 
27 p. p. m. in October and 29 in November. 

Of these four series of samplings, two represent the 
amounts and distribution of the total and nitric nitrogen in the 
different plots of about 2 acres each, one fallow during the sea- 
son of sampling, and the other after a period of 4 years in al- 
falfa. The other two represent portions of the same plot of 
land, one kept fallow for 2 years and the other in alfalfa dur- 
ing this time. The difference of the averages for total nitrogen 
in the last two plots, based on eight samplings of each plot to a 
depth of 6 inches, is 0.0143 percent. The same for the second 
6 inches is 0.0059 percent. The nitric nitrogen in the fallow 
is uniformly higher than under the alfalfa. This statement ap- 
plies to the other two pieces of land also. 


There is a difference of a few thousandths of 1 percent in 
the total nitrogen present in favor of the top 6 inches of the 
alfalfa soil, but this difference falls to less than one-half as much 
in the second 6 inches, and below 2 feet there is no certain dif- 
ference between the alfalfa and the fallow. The difference, in 
favor of the alfalfa hay field, is not more than the equivalent 
of a dressing of 5 tons of good manure every 4 years. The ef- 
fects of a 2-year rotation in alfaifa are considered more bene- 
ficial than this in whatsoever manner these results may be pro- 
duced. 


AMOUNT AND DISTRIBUTION OF NITROGEN IN WHEAT LAND 


Similar data have been acquired pertaining to the effects 
of wheat. Both total and nitric nitrogen were determined in 
fallow strips, 10 feet wide, between wheat plots and in the plots 
on the same dates. The strips were not cultivated nor had they 
been fertilized in recent years. The land had been planted to 
grain, oats or spring wheat, four successive seasons. The check 
plots, of course, had received the same treatment and one of 
these was used for sampling. The average total nitrogen in the 
plot planted to Fife wheat was in Section No. 1700, samples 3 
inches deep, 0.1290; 6 inches, 0.1252; in No. 1900, 3 inches, 
0.1273; 6 inches, 0.1286. The first 3 inches of soil were some- 
times richer in total nitrogen than the second, but sometimes 
this was reversed. These averages are based on three samplings 
made 13 May, 1 September, and 15 October, 1915, which was 
the fourth successive year that the plots had been planted to 
grain. The individual samples varied in their nitrogen content 
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with differences ranging from a few thousandths to a little less 
than two-hundredths of 1 percent. 


On 1 July, 1913, we found in the top 3 inches of Section No. 
1700, 0.1285; in Section No. 1800, 0.1190; and in Section No. 
1900, 0.1251 percent total nitrogen. It will be noticed that 
these total-nitrogen determinations differ by a few thousandths 
only from the averages for the season of 1915, and that three 
creps have made practically no change in the amount of the 
total nitrogen. 


In 1914, Section No. 1600, which lies just west of No. 1700, 
was in fallow, while No. 1700 was cropped to wheat. Section 
No. 1600 was sampled three times and the average of the three 
sets taken to a depth of 6 inches gave 0.1262 percent total nitro- 
gen, and the average of two sets taken in Section No. 1700 on 
the same dates that Section No. 1600 was sampled, gave 0.1209 
percent. 


While the total nitrogen varies from time to time, it does 
not appear from these data that its amount is materially af- 
fected by one or even by three crops of wheat. There are small 
differences, but one would hesitate to interpret them even 
though fully persuaded that every reasonable precaution had 
been taken to avoid errors in sampling and in chemical manip- 
ulation. In this work all sampling, preparation and analyses 
were done in a uniform manner so that our results should be 
comparable. 


The total nitrogen determinations here given are, I judge, 
really more nearly comparable to those found for the alfalfa 
hay field, though taken 12 years previously, than are those given 
for Section 300, because of the lay of the land. Number 300 
lies north of Section 1600. The alfalfa hay field lies west of 
these experimental plots, here designated sections, and over- 
laps them in its north and south extent. The average total 
nitrogen in 53 samplings of the top 6 inches of soil in this field 
is 0.1571. The 6-inch samples from Section 1700 planted to 
Fife wheat in 1915 gave an average of 0.1289, which leaves a 
difference of 0.03 percent in favor of the hay field. This in- 
cludes differences in land and the opposite tendencies of the 
two crops for 4 years and is too doubtful to be seriously consid- 
ered. 


The fallow in Section 100 showed as the average of eight 
samplings in 1926, 0.1313 percent total nitrogen to a depth of 
6 inches, which is nearly the same as we found in Section 1700 
—0.1289 percent in 1915, when it was bearing its fourth con- 
secutive crop of grain (the third one of wheat). 
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The portion of Section 100 that was planted to alfalfa 
showed in its second year, 0.1456 percent total nitrogen or an 
excess of 0.143 percent over the fallow, but the fallow differed 
by only a little, 0.0024 percent, from the land that had been 
planted to wheat. Fallow strips between the wheat plots showed 
an excess over the wheat plots of only 0.0002 percent total 
nitrogen. 


Confusion may arise from the mention of these different 
plots and the impression be made that they are remote from 
one another and therefore not comparable. The whole area 
here considered is less than 10 acres of level land. I do not 
assert that there are no variations in this soil. I know the con- 
trary to be the fact, but these are less objectionable than the 
time between the series of experiments, but neither objection 
could be wholly avoided and the results may be as representa- 
tive of the facts as any other two series might have been. 


THE BENEFICIAL EFFECTS OF ALFALFA CONFINED TO TOP SOIL 


Alfalfa increases the total nitrogen in the top 6 inches of 
soil, while wheat has but little influence either way. The effect 
of alfalfa on the nitrogen content of the second 6 inches is very 
small. In the only comparable data that we have, that for the 
fallow and the alfalfa in Section 100 for the season of 1926, the 


difference in favor of alfalfa is 0.0048 percent. 


It is true of all soil sections that we have studied that the 
first foot contains approximately twice as much total nitrogen 
as the second, the second twice as much as the third, but below 
the third to the depth of 11 feet it is fairly constant, being 
between 0.02 and 0.03 percent. The total nitrogen includes 
some nitric nitrogen, but it is relatively only a very small part 
of the total. The whole of the nitric nitrogen is available, but 
the rest of the nitrogen must be changed into this form before 
it is of any use to the plants. How rapidly this change is ef- 
fected after the fallow and alfalfa is a question which we shall 
subsequently try to answer. 


EFFECTS OF OTHER CROPS 


We have endeavored to learn, at least in a tentative way, 
the effects of some other crops upon the amount of total nitro- 
gen in the soil to a depth of 3 inches. I believe that it would 
have been better had we divided the top 6 inches in two sec- 
tions of 3 inches each in every case, for the nearer the surface 
we came the richer the soil in nitrogen. 
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In corn we found 0.1275; in sorghum, 0.1244; winter 
wheat, 0.1197; spring wheat, 0.1333; spring wheat which had 
been dressed with super phosphate, 0.1456, and spring wheat 
dressed with potassic chloride, 0.1387 percent. These results 
show the range of total nitrogen found in our cropped soils, in- 
cluding variations that are independent of the crop then occu- 
pying the ground. 


NON-NITROGENOUS FERTILIZERS May AFFECT AMOUNT 
oF NITROGEN 


The last two percentages given suggest that the fertiliza- 
tion may have had a beneficial influence upon this factor, which 
we believe to have been the case, and that this influence may be 
of great importance. While it is scarcely proper to compare the 
top 3-inch sections with the top 6-inch sections of even the same 
soil in regard to the total nitrogen contained in them, it may still 
be considered suggestive that the 38-inch sample planted to 
wheat and dressed with superphosphate shows 0.1456 percent, 
while the average of eight 6-inch samplings of soil that had been 
in alfalfa for two seasons also contained 0.1456 percent of nitro- 
gen. This may be nothing more than a suggestive coincidence; 
the identity of the figures is certainly only a coincidence, but 
there remains a suggested fact that fertilization with super- 
phosphate or potassium may cause an increase in the total ni- 
trogen by favoring the development of nitrogen-fixing organisms. 


RELATION OF NITRIC NITROGEN DIFFERENT 


These relations are altogether different in regard to the nit- 
ric nitrogen. In the alfalfa hay field the average amount of nitric 
nitrogen for 53 samplings to a depth of 6 inches was 7 parts per 
million. The surface material that could be scraped together 
with the hands, some of which was of course included in the 6- 
inch samples, was quite rich in old leaves and remnants of 
plants and also in nitric nitrogen as well as total nitrogen. 
Some such samples showed as much as 29 p. p. m. of nitric nitro- 
gen, while the top 6 inches showed 7 p. p. m.; a like number of 
samplings (53) of the second 6 inches showed only 2 p. p. m. 
and the rest of the soil to a depth of 6 feet was even poorer in 
this form of nitrogen. 


The same relation holds in the case of the wheat but here 
we give the sodic nitrate, equivalent to the nitric nitrogen found 
in the top 4 feet of the soil on different dates. We have taken 
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the average of two tenth-acre plots planted to different varieties 
of wheat. This will give us a more generally applicable result 
than if we had confined ourselves to one plot and one variety 
of wheat. 


These plots had been in wheat the previous year but had 
been disced and irrigated after the preceding crop had been 
removed which was about 10 August, 1914, and had been cul- 
tivated again in the spring of 1915. The wheat was sown 26 
April, 1915. 


TABLE 10.—Nitric Nitrogen Given in its Equivalent of Sodic Nitrate in the 
Top 4 Feet Per Acre. Land Planted to Wheat. 


Pounds Pounds 
ISVs CLG A eee. ee eeeacns eee eae 459.7 PWe AS sy oye vanl] Soiree seer epee eats 102.0 
HER gd UE yp cee oo seca een oe meee pee reaveee 120.0 25 OC CODE pee reer reeee Pee a5. 138.0 
Be CUMULI Yily speseccese-oe- sroeeec es eteeeeec keene ears 74.4 PARISI) fe 901] OY 2 0) se eer cocenereeese rece ATTEN) 
SANT OUUIS Gate. ere scoe eee. cece eee 71.4 GISIP ADYe(oXevaall OK Sparen ere eee cece 218640. 
20 August ...... Perea at oho: eae eee 100.0 aly Mew opebistenys SCN eo tee 196.0 
TAG Sept elmer a wee soe-s-eseeacenseeueeeeacees 105.5 PORE IN EY of 6 te Setony haa ee pete per vere ey pe 169.0 


Spring wheat completes its growing and ripening processes 
in about 120 days, varying a little from this in different seasons. 
This wheat was planted in the latter part of April and we 
found on 13 May the equivalent of 459 pounds of sodic nitrate 
in the top 4 feet of the soil but this fell rapidly to less than 75 
pounds per acre by the time the wheat had ripened. After the 
crop had been removed, the land irrigated and disced, the nitric 
nitrogen was restored till on 138 December it had reached the 
equivalent of 286 pounds of sodic nitrate per acre. 

In the alfalfa hay field we found for the season of 1926, 
216 pounds; in the alfalfa plot of Section 100, 222 pounds. This 
compares with the fallow Section 300 with 804 and the fallow 
Section 100 with 774 pounds. 

We do not know the weight of the hay removed from the 
hay field nor of that removed from the alfalfa plot of Section 
100 in 1926, but to credit the hay field with 6000 pounds per acre 
is very liberal and it is good alfalfa hay that contains 2.2 percent 
nitrogen. This would give 132 pounds of nitrogen per acre equiv- 
alent to 792 pounds of sodie nitrate. As the average amount 
shown in this soil for the season is 216 pounds, we account 
for 1008 pounds of sodic nitrate per acre to a depth of 4 feet. 
This is more by 204 pounds than we find in Section 300 
in fallow. This gives us a notion of the amounts of nitrogen 
or rather its equivalent as sodic nitrate but it does not give us 
much more because these soils have a different history, i. e., have 
received different treatment and are not satisfactorily com- 
parable. 
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In the case of Section 100 we have for the second year in 
alfalfa an average total nitrogen of 0.0695 percent and in the 
fallow 0.0645, a difference of 0.0050 percent in favor of the 
alfalfa. For the nitric nitrogen we have in the alfalfa ground 
to a depth of 4 feet, the equivalent of 32 pounds of sodic nitrate 
and in the fallow the equivalent of 45 pounds. There were two 
alfalfa plots between which lay the fallow. 


ARE SMALL PERCENTAGES OF TOTAL NITROGEN SIGNIFICANT ? 


The difference in the total nitrogen—0.0050 percent—is 
too small to be accepted as positively due to the alfalfa and at 
best the value of this amount of total nitrogen, being only one- 
thirteenth of that present is a question. The thought here had 
in mind is suggested by the results produced by the application 
of 19 loads, approximately 35 tons, of good farmyard manure 
per acre in a wheat experiment. This manure was not distrib- 
uted through 4 feet of soil but scarcely through more than one- 
half foot. If we consider it to have contained 1.5 percent nitro- 
gen, there was applied 1050 pounds of nitrogen, approximately 
0.0263 percent of the top foot of soil. The effect of this upon 
the crop was to increase the grain slightly and the straw a little 
more. There was no effect on the composition of the grain. The 
application of five times as much nitrogen as the excess we 
find in favor of the alfalfa over the fallow produced a little 
increase in the dry matter harvested. ; 


Stated in another way, the significance of small percentages 
of total nitrogen is doubtful. This in no way applies to the 
nitric nitrogen. I have never seen any attempt to ascertain the 
smallest amount of nitrates that will produce effects upon a 
field crop, but our experience is that it may be disadvantageous, 
even disastrous to wheat, for instance, to apply 40 pounds of 
nitric nitrogen per acre at the time of sowing. This amount in 
our soil is almost exactly equivalent to 10 p. p. m. or 0.0010 
percent, reckoned on the top foot. Land in alfalfa shows very 
little of this form of nitrogen at any depth, only a little more 
than land planted to spring wheat during the months of June 
and July, the period of its most active growth, when the nitric 
nitrogen may be reduced to less than one part per million or 
0.0001 percent. This is due probably more to prevention of nitri- 
fication than to the complete exhaustion of the nitrates by the 
plants, for wheat is not an exceedingly heavy feeder of nitrogen 
and the supply of these nitrates is being constantly renewed by 
the transformation of organic nitrogen into this form. 


A 60-bushel crop of wheat weighing 60 pounds per bushel 
and with a ratio of 1.5 straw to one of wheat will require about 
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103 pounds of nitrogen. This amount of nitrogen would be fur- 
nished by 6.5 p. p. m. of nitric nitrogen in the soil to a depth of 
4 feet, provided it were all used at one time. 


We found in the fallow Section 300, 9 p. p. m. to this depth 
on 21 July, 1926. This land could have furnished all of the nitro- 
gen required by our illustrative crop on this single date with an 
excess of 2.5 p. p. m. which is more than twice as much as we 
found under any of our wheat plots in the months of June, 
July and August. On the other hand, a 4.5-ton crop of alfalfa 
carries 200 pounds of nitrogen, but the soil to the depth of 4 
feet carries more nitric nitrogen than that under the wheat 
during June and July. There is much less nitric nitrogen under 
the alfalfa than in the fallow. But according to this statement 
the alfalfa uses much more nitrogen and leaves more nitric nitro- 
gen in the soil than a wheat crop. This difference is attributable 
to the root organisms to which alfalfa serves as a host plant. 


HFFECT OF RAINFALL 


This problem would present itself differently in a country of 
heavy rainfall, for a sufficiency of water readily moves the ni- 
trates beyond the depth here considered. Our annual rainfall 
is 14.9 inches; from 6 to 12 inches falls during the growing 
season of a wheat crop and we apply from 12 to 20 inches ac- 
cording to the season, or such land receives from 30 to 35 inches 
of water a year. This may cause an irregular distribution of ni- 
trates in the land, but this does not seriously affect the state- 
ments made. It, however, raises a question regarding the value 
of a small increase in the total nitrogen present. This value will 
depend upon the ease with which the nitrogen may be nitrifi- 
able. 

The deportment of the soil in this respect, after occupancy 
by alfalfa, may be of great importance. We have seen that after 
wheat the nitrifying power is gradually restored and the re- 
covery of the nitrates goes on for at least 5 months, increasing 
from 71 pounds in the top 4 feet of the soil on 8 August, to 268 
pounds on 13 December. No parallel series of observations has 
yet been made on land that has been in alfalfa. 

The wheat crop does not involve so much nitrogen as alfalfa 
and it does not materially affect the quantity of total nitrogen 
but it reduces the nitric nitrogen to a very small quantity, one 
part or less per million. 


FIXATION OF NITROGEN 


The nitrifying flora of the soil is probably not more abun- 
dant or efficient than that which fixes it, but it is more evident, 
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for we have no nitrates in the soil which we do not attribute 
to its action, but we cannot distinguish between the general 
supply of nitrogen and that due to fixation except by quantitative 
determinations under controlled conditions, so not much atten- 
tion has been given to this process aside from the symbiotic 
fixation attributed to the legumes. It has, however, been demon- 
strated in our previous studies that this soil has a very pro- 
nounced ability in this direction. In one series continued for 27 
days, we found from 6 to 10.5 milligrams, an average of 8 
milligrams, fixed in each 100 grams of soil. In these experiments 
the water in the soil was brought up to 17 percent by the addi- 
tion of ammonia-free water and the samples incubated at 27° 
C. There is not the least probability that this increase of nitro- 
gen was due to any other cause than the nitrogen-fixing flora 
of the soil. 


In another experiment this soil was put into a clean show- 
bottle in its field condition, the bottle loosely stoppered and kept 
at room temperature for the same time, 27 days. In this case 
we had an increase of 4.8 milligrams of nitrogen for each 100 
grams of soil. The former is at the rate of 300 pounds, the latter 
192 pounds fixed per acre-foot in less than a month. True, these 
are experimental results obtained by manipulating small quanti- 
ties of the soil, 1250 grams in the incubation tests and about 10 
pounds of moist soil that were allowed to stand at room tem- 
perature. There is no mistake about the increase and it proves 
that very significant additions of nitrogen may be made to the 
soil in this way. 


This question of fixation under field conditions has arisen 
previously in connection with other work. We took 8000 pounds 
of soil from these sections, prepared it and placed it in a bed, 
arranged to protect it from rain and other accidents and in- 
cubated it out of doors for 40 days, adding from time to time 
enough freshly-distilled ammonia-free water to maintain the 
moisture content around 15 percent. With the exception of the 
maintained percentage of moisture, this experiment was made 
under field conditions. The result was that we had a fixation 
of 36 p. p. m. and an increase of 15.79 p. p. m. in the nitric nitro- 
gen. This soil represents the sections used in these experiments 
and I take it is a fair example of the land in general, and for- 
tunately it represents the land in question. 


The relation of growing crops to this fixing flora is not 
known beyond the fact that the legumes are hosts to the nodule 
bacterium; otherwise the data that have come to my attention 
are not concordant. 
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THE NITRIFYING EFFICIENCY OF THE SOILS 


The nitrifying power of these soils was shown by an in- 
crease of nitric nitrogen from 35 p. p. m. to 83.3 p. p. m. in 48 
days. The sample kept in a show-bottle increased from 35 p. p. m. 
to 41 p. p. m. in the same time. These processes vary greatly 
from place to place within small areas. I have collected samples 
from this piece of land (not from the sections used in these ex- 
periments) that were very rich in nitrates which emphasizes 
the possibilities of the whole tract and the importance of the 
subject. 

There seems to be no question but that the wheat had de- 
pressed, but not destroyed the nitrifying power of the soil. In 
August and September, after the wheat had been harvested, the 
development of the nitrates was slow but from September to 
December they increased 2.8 times, from 102 to 286 pounds in 
the top 4 feet of soil. 


SOME IMPORTANT EFFECTS OF ALFALFA 


The mechanical and biological conditions obtaining in soils 
that have been in alfalfa for 2 or more years are probably of 
much more importance than the small increase in total nitrogen 
that takes place. There is no increase in the nitric nitrogen in 
the soil; only the loose material on the surface may contain 
more of this form of nitrogen than usual, up to 30 p. p. m. 


CANNOT APPLY SAME STANDARDS TO TOTAL AND NITRIC NITROGEN 


We may be permitted to state explicitly what has been as- 
sumed in the preceding concerning small analytical differences. 
We have.stated in one paragraph that the total nitrogen in the 
second 6 inches of soil in Section 100 that was planted to al- 
falfa exceeded that in the fallow portion of the same section by 
0.0059 percent and we have raised the question whether this 
amount of total nitrogen is sufficient to justify any judgments 
that might be based upon it. The amount is small—236 pounds 
in the acre-foot of soil—besides in this form it is not available 
to the plants. On the other hand, a like amount of nitric nitro- 
gen would be a very important factor. I think that in average 
agricultural soils 8 p. p. m. of nitric nitrogen or one-seventh of 
the amount just given would be considered a very fair supply, 
if not about the maximum to be expected. 


Both of these determinations, total and_ nitric nitrogen, 
can be made with such accuracy that we can make no dis- 
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erimination between them on this account. Further they are 
equally capricious in their distribution in the soil so that we 
cannot justify ourselves on either of these grounds for rejecting 
larger quantities as insignificant in the one case, whereas we 
consider much smaller ones as of capital importance in the 
other. But we are fully justified by the different parts they play 
in the nutrition of plants. 


It can scarcely matter much whether we have 6236 or 6000 
pounds of total nitrogen in an acre-foot of soil, assuming that it 
is all nitrifiable with equal readiness, but it matters very much 
whether we have 50 pounds or only 5 pounds of nitric nitrogen 
per acre-foot of soil. In the case of the alfalfa we have a small 
increase in the former, total nitrogen, in the surface portions 
of the soil, but a very noticeable decrease in the latter to the 
depth of at least 4 feet. The total nitrogen is of value, princi- 
pally, perhaps even wholly, only in the measure that it is nitri- 
fied, i. e., converted into nitrates which we consider as the only 
form available to plants. We do not know anything about the 
deportment of the nitrogen added to the soil by the alfalfa rota- 
tion. It may be either very easily or difficultly nitrifiable, with 
the chances, I think, in favor of the latter, as it has survived 
the changes of 2 or 4 years. 


GAIN IN TOTAL NITROGEN DUE TO ALFALFA 


The gains in total nitrogen here shown for alfalfa ground 
are not greater than differences found for samples of soil taken 
from the same plot of ground on the same date. Still, I believe 
the increases given have been due to the alfalfa for the 61 sets 
of samples taken from alfalfa ground, each sample being made 
up of eight cores, are consistently higher than a like number of 
samples taken in the same manner from fallow ground. While 
fault may be found with our data, because our land was not 
really comparable, I believe that the generally accepted state- 
ment that the planting of land to alfalfa is a means for increas- 
ing the amount of total nitrogen in it is correct, and that our 
data show this to be the case. The data further show that this 
increase is confined largely to the top 6 inches of soil. We have 
other data that show that it is very largely in the upper half of 
this. The amount thus added is smaller than the importance here- 
tofore attached to it would lead us to expect, still it is larger 
than the amount which would be added by the usual loss of 
leaves, etc., which takes place in hay making. This loss is not 
far from one-fifth of the crop at the time it is cut, or 1 ton 
per acre per annum if the crop be a good one. In 2 years this 
loss will add about 80 pounds of nitrogen per acre. The loss of 
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leaves prior to cutting is not very great in normal seasons, but 
if it should amount to as much as the loss in hay making we 
would add only 160 pounds, whereas, we have in the plot in 
Section 100, 286 pounds to the credit of alfalfa. 


Owing to the great exaggeration of the loss of leaves prior 
to cutting, it will probably be fair to estimate the nitrogen 
added as a top dressing as equal to one-half of the total in- 
crease found in the top 6 inches. This would give a reasonable 
explanation for one-half of the 286 pounds, but we do not know 
how the other one-half is really to be accounted for and we at- 
tribute it to the alfalfa for we do not find any increase when the 
land is planted to wheat. This explanation is convenient whether 
it is satisfactory or not. 


THE IMPORTANCE OF NITROGEN ADDED BY ALFALFA 


What the value of this nitrogen may be is an entirely dif- 
ferent question and one that we shall not try to answer at this 
time. This much, however, we will venture to say, i. e., that it 
is probably worth no more than an equal amount in the form 
of good barnyard manure and the increase given in the preceding 
paragraphs for the 2-year period in alfalfa would require 
about 5.5 tons of. manure containing 1.5 percent of nitrogen 
every 2 years, which would be a very light fertilization. 

The value of this forr> uf nitrogen compared with that of 
nitric nitrogen is well illustrated by some results obtained in 
our wheat experiments. Nitrogen was added as barnyard manure 
at the rate of rather more than 1200 pounds per acre and it 
increased the total dry matter produced, mostly in straw, by a 
little, but the addition of 40 pounds per acre per annum in the 
form of sodium nitrate was by far too much and did more harm 
than good in a series of experiments extending over a period of 
5 years. ~ 

We conclude that there is a slight increase in the total nitro- 
gen of the soil when it has been in alfalfa 2 or more years, but 
that this increase is not great enough to be of much value. The 
nitric nitrogen in the soil is kept at a small quantity but nothing 
has been adduced to show that the nitrifying efficiency of the 
soil has been affected, though the nitric nitrogen under alfalfa 
is very low. We have not yet ascertained the deportment of the 
soil in this respect after the plantation of alfalfa has been de- 
stroyed. 


BENEFITS OF ALFALFA ROTATION Not DUE TO ADDED NITROGEN 


We do not believe that the benefits accruing to a soil from 
a rotation of alfalfa are due to the increased amount of nitrogen 
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in it, but to other factors, such as changes in the biological and 
mechanical conditions of the soil and in the amounts of other 
plant foods made available, potassium in particular, as we shall 
subsequentiy show. 


EFFECTS OF ROTATION ON SOIL COMPOSITION 


We attempted to ascertain what changes were brought 
about in these soils by a rotation of clover and alfalfa crops in 2 
years. As the basis of this study, Mr. Tobiska made mass analy- 
ses of the soils and subsoils of two sections, i- e., the north and 
south halves of our plot. The area of the plot was about one- 
half acre. He also made analyses by extracting the soil samples 
with hydrochloric acid, 1.115 sp. gr., also with fifth-normal 
nitric acid. The results are given in Table 11. 


SOLUBLE SILICATES IN THE SOIL 


The amount of silica soluble in saturated sodic carbonate 
solution, either originally present as amorphous silica or rend- 
ered so by evaporation with hydrochloric acid, is very moderate 
and indicates a small amount of soluble silicates. The average 
soluble silica is about 6 percent for the two samples of soil and 
essentially the same for the subsoils. The uncertainty of the 
value of these silica determinatiors is emphasized by the fact 
that felspar ground to the same degiée of fineness and treated 
in the same manner will yield more than 1 percent of its weight 
of pure silica. The 6 percent of silica obtained from the soils 
represents not only soluble silicates, but also amorphous silica 
and that set free from minerals usually considered insoluble 
in hydrochloric acid. Even quartz yields to the same treatment. 
In an experiment with 5 percent caustic potash, quartz yielded 
0.6 percent in 14 hours. Formerly it was stated that quartz 
sand did not yield silicic acid on treatment with a solution of 
sodic carbonate, but this statement is not entirely correct; it 
has its limitations. 


In the mass analyses the loss on ignition less the carbon 
dioxid found is not put down as organic matter because it in- 
cludes the water not expelled at 100° C. These analyses, espe- 
cially that of the fifth-normal nitric acid extract, indicates a 
soil well supplied with available phosphoric acid and potash. 
The total nitrogen found in these soils, i. e., samples represent- 
ing the north and south halves of the plot used was 0.1162 and 
0.1232 percent respectively. The potential and available supply 
of mineral constituents indicated by the mass analyses and 
the analyses of the fifth-normal nitric acid solutions is adequate 
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for the production of good crops. The nitrogen supply as indi- 
cated by the total nitrogen found is sufficient, though it is not 
very much above the conventional lower level given for good 
agricultural soils. In the case of our soils it is a question whether 
this lower limit is correct or nearly so, but if it is, our plot 
comes fairly within it. 

Nitrogen being considered of great importance in these 
questions, we have already given our data at length to show in 
what quantities, both as total and nitric nitrogen, it is involved 
in our immediate questions. In the study of this phase of our 
work we have made many determinations of it in both forms 
and the average of eight samplings taken 6 inches deep is 0.13138 
percent total nitrogen and for a like number of samplings frem 
7 to 12 inches, it is 0.1117 percent, an average of 0.1215 percent 
for the first foot against 0.1192 percent as the average of two 
samplings previously given. 

The total nitrogen is not a fixed quantity, but it is in this 
case the only source of nitric nitrogen into which it is converti- 
ble. The rapidity or ease with which this takes place in the soil 
is very important and is, as we, in the proper place shall en- 
deavor to show, influenced by the rotation here presented. 

The mineral constituents required for the perfect growth 
of the plants, the potash and phosphoric acid—no others need 
be mentioned—must needs be supplied by the soil; they must be 
in solution at the time the plants appropriate them, however, 
the solution may be effected. This process of bringing these foods 
into the proper form for the use of the plants is a continuous 
one and is facilitated by the plants themselves. This statement 
may be both self-evident and trite; it is none the less important. 


ALUMINA AND IRON IN THE SOIL EASILY SOLUBLE 


The alumina in the soils and also in the subsoil is about 12 
percent, while the ferric oxid is about 4 percent. The felspar of 
which this soil is largely composed carries about 18 percent 
alumina in the soil and more than three-fourths of the ferric 
chloric acid of 1.115 sp. gr. dissolves about one-half of the total 
alumina in the soil and more than three-fourths of the ferric 
oxid. Even a 10 percent solution of the acid with a digestion of 
only from 3 to 8 minutes attacks the soil very strongly, taking 
about 50 percent of the total alumina into solution. Fifth-normal 
nitric acid dissolves about 6 percent of the total alumina. This 
alumina seems very easily soluble, but is not objectionable so 
far as production is concerned. 
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This land produces from 40 to 60, or more, bushels of wheat 
per acre without the application of any fertilizers. Changes are 
constantly taking place in the amounts of these constituents in 
the proper form for the sustenance of the plants. We shall lay 
considerable stress upon the water-soluble potassium; at pres- 
ent, however, we present an attempt to ascertain other rela- 
tions between our crops and the reactions proceeding in the 
soil. 


Two PARTS OF THE SOIL RECOGNIZED 


Two important divisions of the soil are recognized in this 
connection, the ultimate or mineralogical particles and the rest 
of the mass whether it is organized into aggregates or is not 
so associated. The former are usually looked upon as unalter- 
able in any time that we are called upon to consider, while the 
latter forms the reactive portion of the soil. Of what these 
aggregates consist we have no very definite notion; zeolitic is 
frequently applied to them, but it is very questionable whether 
we have, in our case, any facts to justify the application; still 
we have to have some designation that suggests some property 
of them as they are understood and this designation serves the 
purpose. Some zeolitic minerals possess the property of ex- 
changing bases under the right conditions and this is the prop- 
erty had in view. These aggregates include loosely held consti- 
tuents and, like the zeolites, can exchange them under the right 
conditions. It is with these that the soil solutions are generally 
believed to be in equilibrium. A less frequently presented view 
is that the solutions are in equilibrium with the mineral parti- 
cles. While the aggregates may play a part, the mineral particles 
may suffice to satisfy the mineral requirements of the crop 
grown. There is nothing exclusive in either view; each view 
probably represents a part of the truth and in so far is right. 


CALCIC CARBONATE IN THE SOIL 


In Bulletin 319 of this station we described this soil and 
particularly the subsoil as presenting a case in which every 
quartz and felspar particle is coated with a film of calcic car- 
bonate. The coarser particles are easily seen to be coated and the 
fine sands may be washed as clean as possible with water and 
yet will effervesce when treated with dilute acids. Even the part 
separated as clay in the mechanical analysis of the soil that has 
not previously been treated with acids contains a large percent- 
age of carbon dioxid. We found 16.9 percent in such clay. When 
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the coarse sands washed out of the soil are treated with dilute 
acids the calcic carbonate goes into solution and a considerable 
portion of clay is set free. The clay and the carbonate of lime 
are very intimately associated. 


SILIcIc Acip SET FREE BY DILUTE AcIDS Not ABUNDANT 


The amount of silicic acid set free and subsequently soluble 
in boiling sodic carbonate or taken into solution by the acid 
solution is wholly insignificant—0.14 percent was found, less than 
one might expect to be dissolved out of the quartz sand and 
felspar forming the mass of the soil. In only one instance did 
organic matter or humus appear in these incrustations and that 
was in the case of a piece of sandstone picked out of the sur- 
face soil. The humus in this soil is low; the highest result ob- 
tained for it is 1.48 percent, usually about 0.67 or less. 


We refer to our soils and climate as semi-arid; this is un- 
doubtedly correct for the climate, as we have an annual rainfall 
of 14.9 inches and under dry-farming our soils do not have 
water enough to leach them and sometimes not enough to grow 
the crops. In our case the question arises in regard to the 
changes that 50 years of irrigation, which brings the annual 
water supply to 35 inches or more, may have brought about and 
now maintains in progressive action. Changes are certainly 
being made in the soil; it is, however, still a young soil compared 
with that of states even immediately to the east of us. 


The samples were taken and the analyses of this part of 
our work were practically all made by Mr. Tobiska. 


The work presents some difficulties; for instance, if a soil 
containing 10 percent of calcic carbonate be treated with a solu- 
tion of ammonium chlorid we have reactions not wholly accounted 
for when we consider it a simple solution of calcic carbonate 
by the ammonium chlorid plus the exchange reactions that may 
take place between the ammonium chlorid and the aggregates and 
the mineral particles forming the basis of the soil. The amount 
of calcic salt taken into solution on treating the soil with half- 
normal sodic chlorid solution was in excess of .25 percent of 
the soil and a still larger amount in the case of the subsoil. We 
are not far from the mark when we consider this a fiftieth- 
normal solution of calcic chlorid which is sufficiently strong to 
influence the results of the treatment to a measurable degree. 


Mr. Tobiska studied the reactions of the soil toward water, 
saturated solution of carbon dioxid, toward dilute acetic and 
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hydrochloric acids, also its deportment with normal ammonium 
chlorid after having been so treated. 

Our procedure was based upon the amount of calcic car- 
bonate present which we believe is, in our Case, the principal 
aggregate-forming factor. With this in view we first determined 
the carbonic acid present in each sample of soil and calculated 
it as calcic carbonate. Next we standardized the dilute hydro- 
chloric or acetic acid and added it in slight excess over the 
amount necessary to neutralize the calcic carbonate. This ex- 
cess amounted to 10 or 15 percent of the amount used. The acid 
was measured and made up to 500 cc. and added to 100 grams of 
soil. This was allowed to stand 2 hours. This was longer than 
necessary, but was not otherwise objectionable. The solution 
and wash waters were separated from the soil by centrifuging 
it. These were evaporated to dryness and in the case of an acetic 
acid extract ignited, the oxids weighed, dissolved and analyzed. 
The washed soil was treated with five times its weight of normal 
ammonium chlorid solution for 4 hours when it was centrifuged 
as before, the solution and wash waters evaporated to dryness, 
the ammonium chlorid expelled oy careful ignition and the resi- 
due analyzed. The residual soil was dried and weighed and the 
ammonium retained, determined by distillation with sodie hy- 
drate. The ammonium fixed by our soils indicates the presence 
of a complex whose exchangeable bases are equal to about 13 mil- 
ligram equivalents.* Our results vary as a rule from 11 to 14 
and sometimes higher, but the most of them are about 13 milli- 
gram equivalents. The bases correspond very closely to the 
ammonium fixed. 


We obtain the same fixation of ammonium by treating 
the soil directly with the ammonium-chlorid solution which 
shows that this complex is an individual component of the soil 
and that it is not seriously disturbed by our manipulation as 
given. If, however, we treat the soil with too strong an acid, 
Say twice normal in only a moderate excess, we destroy the 
equality between the remaining bases and the ammonium fixed. 

We take the constancy in the amount of ammonium fixed 
and the equality between the bases exchanged and this am- 
monium as proof of the existence of this complex, whatever its 
intimate composition or structure may be. It is not the whole 
aggregate but it is a part of it; the other part is that portion 
easily soluble in dilute hydrochloric or acetic acids and is also 
soluble in ammonium chlorid. The treatment with dilute acid 
divides the aggregate into two parts, one very easily soluble, 
represented in our statement by the analysis of the acetate solu- 


*It is simply the hydrogen equivalent of the element. 
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tion or extract, and the other a little less soluble represented 
by the ammonium chlorid solution. These two, together, repre- 
sent the actual crop-producing soil, but this does not exclude 
the other portions of the soil, the mineral particles, from direct 
participation in changes produced by the crop. 


These aggregates are produced and maintained by the tfac- 
tors, temperature, air, moisture, vegetation, and to an import- 
ant extent, carbon dioxid, which bring about the changes in the 
soil. These aggregates are comparatively stable in the condi- 
tions under which they have been formed but they are sensi- 
tive to changes in these conditions; a great increase of water, 
a change in the salt solution or an increase in the carbon dioxid 
will affect them. Water, carbon dioxid and very weak acid solu- 
tions do not seriously attack the complex, but ammonium-chlorid 
solution brings about the replacement of calcium, magnesium, 
manganese, potassium and sodium by ammonium. 


We have not considered alumina and iron, though the hy- 
drates of these oxids are very probably present in the com- 
plex. This may account for the fact that the ammonium-chlorid 
extract usually contains more of these oxids than the acetate 
solution. The amount is always small, negligibly so. 


The first three analyses in Table 15a show the action of 
water, carbonated water and acetic acid, on these aggregates 
in a very strongly gypsiferous soil found near Fort Collins but 
not from our experimental plots. Years ago, 15 or more, this 
gypsiferous soil was white and the surface portion of it carried 
75 percent of gypsum. I have seen fair crops of corn and oats 
grow on this land. The other eight analyses represent the top 
16 inches of our west alfalfa plot and its adjacent fallow plot 
taken in 4-inch sections. These analyses were made by extract- 
ing the samples with carbonated water for 2 hours and subse- 
quently treating the washed samples with ammonium chlorid 
for 4 hours. 


A comparison of these results again raises the question 
about the value of water extraction. There is no recognizable 
point at which we can satisfactorily stop the process. In these 
analyses the digestion was continued for 2 hours just as in the 
ease of the other solvents and we fail to get asy very wide dif- 
ferences between them. The important feature in the composi- 
tion of the extract is the potash dissolved. The water dissolved 
275 p. p. m. and the acetic acid 330, a difference of 55 p. p. m. 
We may assume without much likelihood of error that the am- 
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monium chlorid dissolves all of the available potash when the 
soil is digested with it. If the soil has been extracted with acetic 
acid first and then with the ammonium chlorid, the two solutions 
contain the total. In this case we have in the aqueous solution, 
275 p. p.m. and in the ammonium chlorid solution, 143 p. p. m., 
- total, 418 p. p. m.; the water in 2 hours dissolved 66 percent oi 
the total available, while the acetic acid dissolved 75 percent 
of the total in the sample treated for the same time. The dif- 
ference in the totals in the two samples was 28 p. p. m. The 
water extraction gives a better result than we expected to obtain 
by it. 


We believe that carbon dioxid and water play an important 
part in our question. We know further, that carbonated water 
ig a much more vigorous solvent than pure water and we would 
make a much more satisfactory approach to the reactions in the 
soil by using it in preference to other solvents. Therefore, we 
give in this connection eight analyses in which this was used 
as the solvent. The samples analyzed were from our experimen- 
tal plots. The essential features are again the potash recovered 
and the ammonium fixed by the complex. The analyses of the 1- 
foot samples of these soils are given in our general tables and the 
facts concerning the potash are restated on page 77. The aver- 
age potash in the fallow plots at the end of 2 years’ observation 
was found to be 703 p. p. m.; these analyses give 696 p. p. m. 
The results for the alfalfa soil are somewhat low; this is not 
surprising for after these samples were taken we found that 
the water-soluble potash in this plot varies exceedingly; the 
middle and southern part is much lower than the northern. 


It has been stated that we digested the samples much longer 
than was necessary. A series of experiments was made in which 
the time of digestion with dilute acid—hydrochloric was used 
in this case—and with ammonium chlorid, was each one-half, 
1, and 2 hours. The differences were very small; the widest ones 
were in the nitrogen fixed which we give as illustrative: one- 
half hour digestion, 0.1967; 1 hour, 0.1699; and 2 hours, 0.1727 
percent, calculated on the air-dried samples. | 


MECHANICAL ANALYSES 


Numbers 2884 and 2885 are respectively samples of the 
soil and subsoil from the north half of our plot, while Nos. 2886 
and 2887 are corresponding samples from the south half. Thev 
were all taken at the beginning of the experiment. The anal- 
yses were made by Mr. Vail and resulted as shown in Table 12. 
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TABLE 12.—Mechanical Analyses of Soil at Beginning of Experiment. 


Size of Sand No. 2884 No. 2885 No. 2886 No. 2887 

° mm. Percent Percent Percent Percent 
1.5-1.0 0.894 0.214 0.846 0.108 
1.0-0.5 6.4389 2.322 5.229 1.595 
0.5-0.25 31.522 21.244 18.821 14.407 
0.25-0.05 17.501 12.766 LO eCo ue 23.3882 
0.05-0.01 18.144 26.811 25.855 23.413 
0.01-Clay 12.520 18.700 14.183 18.041 
Clay 7.136 10.453 8.479 11.218 
Ignition 6.597 7.504 : 7.627 7.582 
100.813 100.023 100.837 100.746 


Ignition includes moisture, organic matter and carbon dioxid; the latter is 
rather abundant. 

The carbon dioxid in the separates obtained from composites of 2884 and 2886, 
also of 2885, and 2887, the former representing the soils, the latter the subsoils, 
was determined and calculated back to the air-dried soil. 


TABLE 13.—Distribution of Carbon Dioxid in the Separates. 


Soil Subsoil 

Percent Percent 
EEE RIN SEE EIS re Seer a et Dera Sere 0.020 0.394 
Se 8 rt oat er Pee gee eee ee eae ae 0.244 0.692 
a NO ne Se or en) a TE Orn. CEE 0.355 2.279 
0.414 1.790 


The carbon dioxid accounted for in this way corresponds 
to 2.35 percent calcic carbonate in the soil and nearly 12 per- 
cent in the subsoil. The soil proper may be taken as having a 
depth of 1 foot without great variations. 


The calcic carbonate was removed from the separates by 
treating them with the amount of dilute acetic acid calculated to 
be required to dissolve it, and they were allowed to stand till the 
carbonate had gone into solution; they were then washed and 
treated with five parts of ammonium-chloride solution for 4 


hours. 


The acetic acid solutions were analyzed by strictly con- 
ventional methods. These results show even more strongly than 
the carbon dioxid the differences between these separates. 


We state in the following table the amounts of lime, mag- 
nesia, potash and soda found, calculated on the air-dried soil. 
The acetic acid was added in slight excess but never more than 
20 percent more than the calculated amount. It is evident from 
‘the amounts given that the calcic acetate solution was quite 
strong. 
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TABLE 14.-~Partial Analyses of Acetate Solution of Separates in Percentages 


of Air-Dried Soil and Subsoils. 


SOILS 
*2884-2886 
Coarse Fine 
Sand Sand Silt Dust Clay 
Calcie oxid 0.2283 0.3298 0.5860 2.5482 5.1030 
Magnesic oxid 0.0040 0.0069 0.0259 0.0545 0.1487 
Potassic oxid 0.0056 0.0037 0.0072 0.0210 0.1112 
Sodie oxid 0.0063 0.0026 0.0033 0.0039 0.0087 
SUBSOILS 
*2885-2887 
Coarse Fine 
Sand Sand Silt Dust Clay 
Calcic oxid 1.6237 1.3840 2.2160 15.2240 13.7330 
Magnesic oxid 0.0221 0.0268 0.0076 0.1952 0.2527 
Potassic oxid 0.01380 0.0056 0.0077 0.0247 0.0595 
Sodic oxid 0.0197 0.0037 0.0042 0.7705 0.8965 


*This means that composites were made of these two numbers. 


The finer the part, the richer it was in soluble salts. The 
lime, for instance, in the soil increased from less than 0.3 per- 
cent to over 5 percent. The potash and soda seem to be relatively 
higher in the coarse sand but not nearly so high as in the clay 
portion. The lime in the clay portion of the subsoil, also in the 


dust, is very high; its abundance was very evident from the 
color of the samples. 


The subsoil is richer in magnesia, also in potash, than the 
soil in all portions except the clay in which it falls to about one- 
half, while the soda is higher in all portions of the subsoil. 


The separates that had been treated with acetic acid and 
well washed were digested with normal ammonium chlorid, the 
solution analyzed and the soil treated for determination of 
ammonium. The results obtained are given in Table 15. 
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TABLE 15.—Partial Analyses of the Normal Ammonium Chlorid Extracts of 
the Separates, Soils and Subsoils. 


SOIL 
2884-2886 
Coarse Fine 
Sand Sand Silt Dust Clay 
Calaic oxid 0.0138 0.0182 0.0909 0.3255 0.9772 
Magnesic oxid 0.0012 0.0030 0.0186 0.0210 0.0426 
Potassie oxid 0.0042 0.0020 0.0099 0.0456 0.2486 
Sodie oxid 0.0048 0.0018 0.0050 0.0076 0.0141 
Nitrogen retained 
by soil 0.0110 0.0110 0.2212 0.4831 0.7163 
Me. Eq. bases 0.796 0.999 4.542 13.947 42.763 
Meg. Equiv. Am- 
monium 0.785 0.785 aly l 34.486 DL 32 
SUBSOIL 
2885-2887 
Coarse Fine 
Sand Sand Silt Dust Clay 
Caleie oxid 0.0558 0.0616 0.1592 7.5484 0.9580 
Magnesic oxid 0.0026 0.0132 0.0388 0.0450 0.0320 
Potassic oxid 0.0107 0.0040 0.0061 0.0157 0.0433 
Sodic oxid 0.0204 0.0036 0.0064 0.0124 0.0284 
Nitrogen retained 
by soil 0.0162 0.0245 0.0771 0.2640 0.6277 
Mg. Eq. bases $.796 0.999 4.542 13.947 42.763 
Meg. Equiv. Am- 
monium 0.785 0.785 15,792: 34.486 51.132 


The nitrogen retained as ammonium by these respective 
separates increases rapidly with the fineness of the separates of 
both the soil and subsoil. These separates had been washed 
successively with water and dilute acid to remove the easily 
soluble portions including the carbonates of lime and magnesia 
(see the preceding tables). We know but little about the silicic 
acid, small amounts of which only went into solution with either 
acetic or hydrochloric acid; the latter dissolved about 0.1 percent 
of the air-dried soil or subsoil. The amount dissolved seemed 
independent of the amount of lime present. The amount dis- 
solved by acetic acid was approximately one-third as much or 
0.03 percent. If this factor has any significance it would be prob- 
ably in showing that the amounts of easily decomposed silicates 
cannot be very large. Still it may be significant for the 0.1 per- 
cent soluble in hydrochloric acid might correspond to about 
4 tons of these silicates per acre-foot or 1 ton in each million 
pounds of the air-dried soil. If it were present as a zeolite it 
would indicate a greater weight. We do not know enough about 
the part it plays in nourishing the plants to attempt an inter- 
pretation of its significance. Wheat, corn and some other plants 
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use a good deal of silica in their stems and leaves and this silica 
is soluble in water. In the changes going on in the soil, amor- 
phous silica may be separated which may be a factor in the 
soil reactions, both in the field and laboratory. The few data 
that I have at my command can scarcely be made to support 
the notion that there is any accumulation of such silica in the 
finer separates, as in the dust and clay, for these are not espe- 
cially rich in silica. 

The milligram equivalents of the bases that go into solution 
in the ammonium chlorid solution and the ammonium fixed by 
the residues are not equal nor do they appear to follow any rule 
but they do show a marked increase with the increasing fineness 
of the residue. 


Two PHASES OF THE REACTIONS 


There are two phases of this question. One relates to the 
complete removal of substances that furnish with the ammonium 
chlorid two solutions. The other relates to the changes in the 
residues. The solutions formed may be strong enough to have a 
decided effect upon the results especially upon longer standing. 
This applies to treatment with water, also, but to a less extent. 

The water-soluble in this soil is around 0.4 percent includ- 
ing the organic matter and water in combination. The aggre- 
gate of this in a million pounds of soil is 2 tons, or about 8 
tons in the surface foot of our soil. While we cannot specify 
or even indicate what reactions actually take place, it is probable 
that it is an important and active factor. Very light applications 
of fertilizers are credited with the production of big results. It 
would not be surprising that these very much larger quantities, 
though less active, should be important factors in plant pro- 
duction. They are undoubtedly active participants in the re- 
actions going on in the soil which may be their more important 
function. This is a very general statement, but I have seen no 
more explicit one. 


WATER EXTRACTS May BE DIFFERENT FROM SOIL SOLUTIONS 


The solutions that we obtain by exhausting a soil with water 
may not actually represent those in the soil from which the 
plants obtain their mineral constituents, still they must be of 
the same general sort. We assume that the plants contribute to 
the formation of these solutions by acid excretions. They have 
been supposed to be equivalent to a 1 percent citric acid solution 
or possibly to fifth-normal nitric acid, hence their frequent use 
in such work. We believe that carbonic acid is the prevalent sol- 
vent in the soil. I have, however, found but one analvsis of a 
soil in which carbonic acid was used as the solvent. 
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METHOD OF EXTRACTION ADOPTED 


The Bureau of Soils of the United States Department of 
Agriculture used a method of studying the productivity of soils 
based upon a very brief treatment of the soil sample with espe- 
cially prepared water to lessen the errors in the results that 
might be obtained. Their results showed that solutions obtained 
by their method with poor or non-productive soils were very 
similar to such as were obtained from productive soils in the 
amounts of mineral constituents present. These facts led to the 
assertion that some other cause than the supply of mineral con- 
stituents was accountable for the difference between productive 
and non-productive soils, especially when they were of the same 
character. The soils were in a sanitary or unsanitary condition 
for the crops grown. 


It is our object at present simply to emphasize the fact that 
the water-soluble portion of the soil forms the nutritive soiu- 
ution for the plant and while we may not be able to make an ex- 
tract that actually represents that solution at any given time, 
this is the nearest approach to it that we can make. The Bur- 
eau of Soils reduced the time of treatment to 30 minutes in order, 
I suppose, to obtain as nearly as possible the conditions in the 
soil at the time, almost at the instant of its examination. If this 
treatment be repeated another result will be obtained, but it 
will not represent the same conditions that the preceding repre- 
sented. In the cases in which we carry the treatment with water 
to the point where no more sulfuric acid or chlorin goes into 
solution we have the composite sample representing a number 
of successive conditions which may be possible in the course 
of several seasons, but are not probable in any one season in our 
country of light rainfall, not even when we irrigate the land. 
Our water-soluble indicates only the total supply of mineral con- 
stituents available at the time we make the extraction and with 
the assumption that we have complete extraction when the 
sulfuric acid or chlorin disappears from the solution. This as- 
sumption serves as a criterion by which to work, but it is not 
true. The action of water is more than that of a simple solvent 
of ready-formed salts. This is why we shall give many data 
based upon a 30-minute treatment of the soil sample with water. 
The concentration of this solution is not negligible. 


In the soils with which we have to deal, a solution made by 
treating one part of the sample with four parts water will con- 
tain more than one gram of soluble salts per liter; in the case 
of some soils, very much more. The salts in solution in the case 
of the soil treated of in this bulletin are predominantly those of 
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potash and lime. The soda, also the silicic acid, is low. The out- 
standing feature is the large proportion of potash that goes into 
solution; it forms from 15 to 25 percent of the total salts dis- 
solved. This indicates an apparently large supply of potash, 
about 0.08 percent, or 800 p. p. m. We shall see later that this 
seemingly excessive supply, indicated by so drastic an exhaus- 
tion of the soil, is not so improbable as it at first sight appears. 


CONCENTRATION OF SOIL SOLUTIONS 


One cannot refuse place to the question how dilute or con- 
centrated a solution of nutrients in the soil constitutes a merely 
sustaining, a good or an optimum condition for the plant’s 
growth. I have seen the statement that a concentration of one 
part per million of phosphoric acid will suffice for the develop- 
ment of plants. The water extract of this soil gives approximate- 
ly 16 p. p. m., finely ground felspar gave us 35 p. p. m..in 7 days, 
and finely ground apatite, 450 p. p. m. in the same time. I sup- 
pose that the one part per million was maintained constant and 
that the statement was intended to show the collecting power of 
the roots. Our extracts of soil, felspar and apatite show that so 
high a dilution as one part per million is probably never reached 
in soil composed largely of felspar carrying 0.156 percent phos- 
phoric acid. 

These somewhat digressive statements have been made to 
show what importance we attach to extraction by water and to 
the extract itself. Besides, we shall have very little more to say 
about the phosphoric acid in our soils. While we do not believe 
that there is much, if any, object in trying to make a long con- 
tinued extraction of the soil with water, it is not improbable that 
a short extraction remains as good a criterion of its crop value 
as we have. In heavy alkali soils its value depends upon the ob- 
taining conditions. We have many soils of which it would be 
objectless to make such an extraction for this purpose. The re- 
sults would be too involved and misleading. Our question is 
what relation such extracts may have to the changes going on 
in the soil over a period of time, three seasons in our case. We 
hope that by adopting a procedure and adhering to it strictly 
throughout we shall be able to obtain a definite view of the 
effects of our rotation. 


METHOD OF EXTRACTION IMPORTANT 


The question of method is important. There are water-solu- 
ble salts enough present to constitute a factor, but there is also 
ealcic carbonate enough present to modify the reactions with 
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any more active reagent. Sodic chlorid is an energetic solvent 
but I do not think that it exaggerates the importance of calcic 
carbonate in these reactions. Fifty grams each of felspar, soil 
and subsoil, were digested for 4 days with a half-normal solu- 
tion of this salt; the felspar yielded 22 p. p. m. of lime; the soil ° 
yielded 2984 and the subsoil 3688 p. p. m. Calcic chloride in 
half-normal solution acts moderately upon unaltered felspar, but 
is a weaker agent than sodic chlorid. It may be added that in 
these experiments the felspar yielded 294 p. p. m. of potash to 
the sodic chlorid solution, while the soil and subsoil yielded 648 
and 432 p.:p. m. respectively. The hme that went into solution 
did not apparently affect the amount of potash that was dis- 
solved, but it has already been stated that calcic chlorid acts 
moderately upon felspar, removing principally potash. The pot- 
ash in the soil is evidently more readily soluble than in the fel- 
spar, which contains about four times as much and yields only a 
few parts per million more than the soil. 


THE CARBONATE OF LIME IS ASSOCIATED WITH THE CLAY 


We were perplexed about the relations of this carbonate of 
hme to the soil solutions and complexes of which it may actually 
form a part, at least the incrustations covering the soil grains 
are made up of calcic carbonate and clayey particles and the 
mechanically separated clay is very rich in calcie carbonate; 
‘ there may be nearly 40 percent of carbonate in the clay. The 
best way of meeting this question seemed to be to determine 
the carbonic acid, calculate the calcic carbonate correspond- 
ing to this and add slightly more dilute acetic acid than would be 
necessary to bring this carbonate into solution. We tried hydro- 
chloric acid but we thought that it did not give as good results 
as the acetic acid but a standardized solution added in only 
slight excess can be used. The effort gave interesting results 
as will appear later. 


CALCIC CARBONATE AND SoIL AGGREGATES 


Observations recorded in Bulletin No. 319 indicate rather 
strongly that this calcic carbonate may form a large part of the 
aggregates and coats the soil grains with a similar material 
which probably acts in the same manner as the aggregates them- 
selves toward soil solutions. 


The solution obtained by treating the fine earth from the 
subsoil with dilute hydrochloric acid (1:2) in-the cold for from 
3 to 8 minutes corresponded to about 72 percent of calcic car- 
bonate with some silica (very little), rather an abundance or 
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alumina and iron, potash and phosphoric acid; in short, it was a 
solution containing the nutritive compounds usually looked for 
in a soil. It was not the object of the experiment to determine 
the proportions of these elements taken into solution, still it 
removed almost the whole of the easily soluble potash and one- 
third of the tota] phosphoric acid. A very brief treatment with 
dilute acid must have changed the character of this soil wholly 
and left but little as representative of the soil aggregates. These 
aggregates have a physical significance as well as a chemical one, 
but we concern ourselves with the chemical one only. The analy- 
tical results indicate that though we did not add the dilute acid 
in excessive quantity and allowed it to act for only a few minutes 
(3 to 8), the actual effect was to exhaust the soil to a greater ex- 
tent than we at the time desired. Some partial analyses of such 
solutions together with analyses of solutions obtained by treat- 
ing the washed residues with a normal ammonium chloride solu- 
tion will be given subsequently. 


Acetic acid, diluted with two volumes of water, added in 
an amount slightly in excess of that calculated to be necessary 
to dissolve the calcic carbonate and allowed to stand 2 hours, 
gave more satisfactory results. The solution was separated, and 
the residue washed with water till deflocculation was persist- 
ent; this required five washings. The soil was then transferred 
to a proper vessel with not more than 450 cc. of water, 27 grams 
of ammonium chlorid added and the volume made up to corre- 
spond to 500 cc. of solution. The whole was stirred several times 
during the first 30 minutes and then allowed to stand 4 hours 
in all. 


The ammonium-chlorid solution from the soil, with wash- 
ings, was evaporated and subsequently analyzed. The soil was 
still further washed to avoid possible error due to residual 
ammonium chlorid, dried, weighed, and the ammonium remain- 
ing in the soil determined by distillation with sodic hydrate. This 
procedure gave very different results from those obtained by the 
use of dilute hydrochloric acid, 1:2, in-excess, and they appear 
to be much more significant. 


THE WATER EXTRACT 


The aqueous extracts of these samples contain consider- 
able quantities of salts especially potash with silica and lime 
following in order, though calcic carbonate, even in the finely 
divided form in which it here occurs, is very slightly soluble 
in water. There is very little calcic sulfate in this soil though it 
is very abundant in some soils even in this section of the state. 
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CARBONIC ACID AND WATER 


Carbonic acid and water acts strongly on these samples. 
In a test made on this soil and subsoil, the lime, CaO, that went 
into solution was equal to 1.011 and 1.534 percent of the respec- 
tive samples. This was very much more than was taken into 
solution by the half-normal sodic chlorid solution. The amount 
of potash taken into solution from the soil and subsoil respec- 
tively was 590 and 330 p. p. m. The question as to what sort oi 
compounds or aggregates this potash is derived from 1s un- 
answerable for we have seen that potash is the principal con- 
stituent that goes into solution when unaltered felspar is treated 
in this manner. There is nothing but the large amount, 590 
and 330 p. p. m., to indicate that it comes from other sources. 
We believe that it does, for the most part at least; for potash 
in some manner or other is held though loosely by soils. It 
is held so loosely that it makes from 15 to 25 percent of the 
total soluble in water. 


There are other difficulties in making an aqueous extract 
of a soil for analysis than those previously mentioned. It is com- 
paratively easy to extract 10 grams and get results closely 
approximating the truth in the case, but it is a very different 
matter to extract a thousand grams so thoroughly that one 
gets equally reliable results. With 10 grams we will use 750 or 
1000 cc. of water, but we would scarcely be equipped with either 
facilities or patience to handle 1000 grams with equal care and 
thoroughness. The percentage of soluble matter obtained falls 
rapidly with the increase in the amount taken. With 10 grams 
we got, after ignition, 0.301 percent; with 250 grams, 0.124 per- 
cent; and with 1200 grams we got only 0.0856 percent. In the 
last case we used, in round numbers, 14 liters of water. 


The object in using so large a sample was to obtain a suffi- 
cient quantity of fixed residue for a satisfactory analysis. The 
loss on ignition amounted to 36.8 and 42.0 percent of the dried 
water-soluble, or 0.0042 and 0.0034 percent of the air-dried 
soil. The filtrates in this case were passed through Pasteur- 
Chamberland filters. The first portions that pass into solution 
are not identical in composition with the later portions. The 
best that we can say for an extract made in this manner is that 
it is a fair representative of the easily soluble salts whether 
they are entirely free in the soil or looseily held in the complexes. 
The presence of potash to the extent that we find it would sug- 
gest the latter. If so, our washing probably leaves the samples 
in only a little less unsatisfactory condition for treatment 
with ammonium-chlorid solution than they were originally. 
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TABLE 16.—Analyses of Aqueous Hxtracts of Soils at the Beginning of Our 
Experiments. 


Nio. 2884 No. 2886 

Percent of Percent of 

Air-Dried Soil Air-Dried Soil 
Silicie acid 0.01700 0.02920 
Iron and alumina 0.008538 0.00375* 
Manganic oxid (br) . 0.00029 0.00028 
Caleie oxid r 0.04054 0.04387 
Maznesie oxid 0.00520 0.00546 
Potassie oxid 0.01859 0.03243 
Sodie oxid 0.00108 0.00154 
Phosphorie acid 0.00115 0.00144 
0.08738 0.11797 


*The alumina found on purifying the silicic acid was decidedly more than I 
expected. The manipulation of the material would lead one to expect this alumina 
to contain titanic acid if it were present and soluble in water. The alumina was 


dissolved by fusion with potassic bisulfate and the melt dissolved in a mixture 
of sulfuric acid and hydrogen peroxid. The solution could easily have been com- 


pared with a standardized titanic acid solution. The percentage calculated on 
the air-dried soil would have been small. 


In former work I have been reluctant to assert that titanic acid found in the 
crude ashes of various plants really belonged to the plant and not to the con- 
taminating earth, which is very difficult to avoid. In this case it evidently went 
into solution with the silicic acid and was rendered difficultly soluble by the igni- 
tion and remained with the silicic acid after evaporation. 


We grew maize on a part of this plot in 1927. We had previously examined 
maize leaves for titanic acid and found it in comparatively large quantities. We 
gathered some of the stalks grown on this ground, removed the leaves and 
sheaths, cleaned the stalks, burned them, and examined the ash for titanie acid. 
It was present, but the quantity was not determined. As the titanic acid went 
into solution in water it is not surprising that it should be present in the ash of 
these plants. 


The direct weighings of the ignited residues gave 0.0856 and 0.1125 percent, 
with which the analytical results are nearly identical. 


The difficulty in obtaining a representative aqueous extract of soils is shown 
by the following results obtained with these samples, Nos. 2884 and 2886, in order 
to prepare enough of the soluble salts for an analysis according to our usual 
procedure in the case of soils rich in alkalis. The time consumed in making the 
extract was quite long. Fermentation of some sort set in and we obtained a 
most ill-smelling mass of salts. This land had not received any application of 
manure for a number of years. The yield was disappointingly small and it was 
impossible to prepare a workable solution without first destroying the organic 
matter by ignition. The analyses in Table 17 have been calculated on the residue 
dried at 100° C. for 20 hours. These are given to show that these residues are 
not representative. 
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TABLD 17.—Analyses of Water-Soluble Portions of Soils, Nos. 2884 and 2886, 
Different Extraction. 


No. 2884 No. 2886 

Percent Percent 
Silicie caid 7.290 7.287 
Sulfurie acid 4.381 3.484 
Chlorin 1.058 Not Determined 
Phosphoric acid (P,O,;) 0.431 0.402 
Ferric and alumnic oxids 0.034 0.030 
Manganiec oxid (br) 0.040 0.032 
Caleie oxid 10.053 6.193 
Magnesice oxid 0.079 0.042 
Potassie oxid 15.009 24.803 
Sodic oxid 1.393 1.038 
Ignition (60.232) (55.460) 


Moderate ignition, not strong enough to burn out the carbon completely, gave 
58.0 percent loss against 60, in brackets, and 53 against 55. The percentage of 
this residue was much below that usually obtained from this soil. This is the rea- 
son for its repetition as given in the text. 


The extracted soil was dried, rubbed in a porcelain mortar 
avoiding grinding as much as possible and passed through a 20- 
mesh sieve. This was done to bring it back approximately to its 
original mechanical condition. This grinding was unavoidable 
because the washed and air-dried soil had become very hard. 
We assumed that the small particles, now plainly discernible, to 
be cemented by clay-like material, would thoroughly disintegrate 
on being wet with the ammonium-chlorid solution. 


AMMONIUM FIXED VARIES WITH FINENESS OF PORTION 


Reference to the results obtained with separates from the 
mechanical analyses show that the replacements varied with the 
fineness of the separates even though we supposed that the clay 
had been thoroughly removed from all of them except the clay 
portion itself. The clays contained better than 38 percent of 
calcic carbonate and fixed respectively 51 and 45 milligram 
equivalents of ammonium, while the dust fixed 34 and 19 milli- 
gram equivalents respectively. The clay portion is very much 
finer than the dust which is presumably free from clay. The 
calcic carbonate in the clay portion went into solution in the 
ammonium chlorid to some extent; this is true too of the dust 
and the milligram equivalents of this lime appears in the sum 
of the equivalents of the bases. In spite of the treatment of 
these separates with dilute acetic acid, in slight excess, to dis- 
solve the calcic carbonate the milligram equivalents of the bases 
in the subsoil are in excess of those of the ammonium, which 
is aS we would expect it to be, but in the case of the soil the 
ammonium eqiuvalents are rather strongly in excess. In both 
samples, however, the equivalents increase with the fineness of 
the separates and do not seem to be dependent upon the clay. 
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In ordinary laboratory practice we avail ourselves of the 
effects of fine pulverization to facilitate reactions between solids 
and liquid reagents and the reactions are affected by the degree 
of fineness. Some such thing seems to be the case in these samples 
though we are accustomed to consider clay as influencing these 
facts by virtue of properties other than its fine division. There 
is no question about the retention of potassium compounds 
by soils and this property has been associated with the clayey 
components, also the zeolitic constituents. 

In an analysis of the clay separated from these samples 
which will be given a little later, it will appear that in this 
case the clay is no richer in potash than the mass of the soil. 
There does not appear to be any accumulation of potash in this 
component. It may be more reactive, but we have no means of 
judging this. The presence of a large percentage of felspar 
in this soil carrying 4 or 4.5 percent of potash* is a factor be- 
yond any question. 

THE EFFECTS OF GRINDING THESE SOILS 

The composition of the residues from the aqueous extracts 
of these soil points to them as products of mineral decomposi- 
tion as well as to the aggregates in the soil. If this is true, they 
do not represent only ready formed salts in the soil but also 
some that are produced by the operation. In connection with 
these questions we believed that we would get some data by 
treating with ammonium chlorid some washed soil ground to 
pass a 20-mesh sieve and also portions of the same samples 
ground to pass a 200-mesh sieve. In this case there are no dif- 
ferences in the chemical or mineralogical constituents; the only 
difference is in the size of the particles. The soil as it passed the 
20-mesh sieve contained a considerable portion much finer than 
was necessary to pass this sieve but it was not permissible to 
remove these portions as this would radically change the 
samples. A sieve analysis of this material gave the results 
shown in Table 18. 


TABLE 18.—Sieve Analysis of the Material that Passed the 20-Mesh Sieve. 
= _ <3 a No. 2884 No. 2886 
Percent Percent 
Greater than 40-mesh 8.20 7.14 
Greater than 60-mesh 5.06 4.40 
Greater than 100-mesh 12.46 9.64 
Greater than 200-mesh 17.90 14.64 
Less than 200 mesh 58.38 64.18 
100.00 100.00 
*The felspar particles, i. e., pieces big enough to be picked out of the soil 


sands, appear very much like fresh felspar, but contain only 4.5 percent potash 
against 10.5 in the fresh mineral; but as this is easily acted on by water and car- 
bonie acid, setting potash free, one would expect potash to be accumulated in the 
clay to a greater extent than we find to be the case. 
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These analyses represent the stock soil that passed the 20- 
mesh sieve. A portion of each of these was taken and ground 
in an agate mortar till all of it passed a 200-mesh sieve. In 
round numbers, 40 percent of these samples had to be reduced 
to pass this sieve. How much the 60 percent may have been 
reduced, I do not know, nor do I know what other changes than 
the reduction in the size of the particles may have been pro- 
duced in them. One hundred grams of each of the four samples 
were treated as usual with 500 cc. of normal ammonium chlorid 
solution. These samples were not treated in any manner after 
extraction with water and drying before pulverization. The 
analytical data obtained on examining these samples are given 
in Table 19. 


TABLE 19.—Partial Analyses of Ammonium-Chlorid Solutions Obtained with 
Samples that Passed a 20-mesh Sieve.* 


No. 2884 No. 2886 
Percent Mg. Equiv. Percent Mg. Equiv. 

Manganic oxid (br) 0.0044 0.154 0.0048 0.126 
Calecie oxid 0.3680 13.123 0.4208 15.005 
Magnesic oxid 0.0294 1.458 0.0337 1.672 
Potassice oxid 0.0502 1.066 0.0756 1.605 
Sodic oxid 0.0512 1.652 0.0172 0.555 

17.414 18.963 
Ammonium ge rag ge) 13.692 
Hxcess of bases 


5.635 5.271 


TABLE 20.—The Same as: Preceding, but Stock Passed Through a 200-mesh 
Sieve. 


No. 2884 No. 2886 
Percent Mg. Equiv. Percent Mg. Equiv. 

Manganic oxid (br) 0.0064 0.168 0.0064 0.168 
Calcie oxid 0.3736 13.3)2¢ 0.4164 14.804 
Magnesic oxid 0.0331 1.635 0.0370 1.835 
Potassic oxid 0.0642 1.363 0.0852 1.809 
Sodie oxid 0.0640 2.064 0.0208 0.671 

18.553 19.287 
Ammonium 18.889 18.089 
Excess of bases 0.336 1.196 


The amount of soda, 0.0512 percent, in the first analysis of 
No. 2884, is unusually high for this series. It is evident from the 
results given that we have changed the replacements by simply 
pulverizing the samples and increased the ammonium fixed by 
the soil. In No. 2884 the total change is about 7 milligram equi- 
valents or better than 60 percent of the total in the original; in 
No. 2886 the change is about five equivalents or 32 percent in the 


*The percentages are calculated on air-dried sample. 
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same direction as in the preceding sample. The only difference 
in the two pairs is in the fineness or pulverization of the samples. 
In the finer material the ammonium fixed is very nearly equal 
to the bases that went into solution, which was not the case in 
the coarser material. 


In order to get a further idea of the relation of the fineness 
of the particles to the fixation of the ammonium and how much 
it depends upon the nature of these particles, 300 grams of the 
samples were shaken violently and repeatedly with water and 
rubbed with a rubber pestle in a porcelain mortar and the tur- 
bid mass poured onto a 200-mesh sieve to remove all that would 
pass it with gentle washing. The portion remaining on the 
sieve, about 40 percent of the soil, was dried in the air and 
pulverized to pass the 200-mesh sieve. This powder was treated 
with ammonium chlorid in the same manner as the previous 
samples and gave us the following results. 


TABLE 21.—Results Obtained with the Coarser Portions of Samples Nos, 2884 
and 2886, on Treatment with Ammonium Chlorid After They Had Been Ground 
to Pass a 200-mesh Sieve. 


No. 2884 No. 2886 
Percent Mg. Equiv. Percent Mg. Equiv. 

Iron and alumina OF0:0:3 Seen eee E0112 ae nese 
Manganic oxid (br) 0.0040 0.105 0.0036 0.096 
Calcie oxid 0.2324 8.216 0.2026 71.233 
Maznesic oxid 0.0191 0.947 0.0133 0.660 
Potassic oxid 0.0338 0.718 0.0298 0.633 
Sodic oxid 0.0200 0.645 0.0192 0.620 

10.681 9.242 
Ammonium 4.372 2.484 


The action in this case is upon the mineral particles and 
while ammonium is taken up the replacement is only partial but 
shows that replacement takes place in the constituent minerals 
when finely enough ground. 

The clay washed out of No. 2884 and 2886, a composite 
sample, was examined in the same manner as the soils and the 
results are given in Tables 14 and 15, but in this place we give 
a complete mineralogical analysis of it as it was prepared by 
washing with acetic acid to remove the caicic carbonate, but 
it had not been treated in any other manner. 


In connection with the analysis of the acetic-acid solution, 
attention was called to the amount of potash that went into 
solution. We observed also that water dissolves out liberal quanti- 
ties of this constituent, which may indicate that the aggregates 
are attacked. We have already expressed the opinion that the 
caleic carbonate may form a part of these aggregates and have 
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stated that clay is liberated when the incrustations of carbonate 
are dissolved off of the washed sands. The extent to which this 
destruction of the aggregates may be effected in this manner Is 
a serious uncertainty but the acetic-acid solution—we mean the 
calecic acetate formed as well as the excessive but very dilute 
acetic acid, itself—may react quite energetically with them. We 
are inclined to attach a good deal of significance to the potash 
that appears in these solutions. 
The double number 2884-2886 indicates that this clay was 

washed out of a composite sample formed from these two. 

TABLE 22.—Analysis of Clay Washed Out of Nos. 2884-2886; Calcic Carbonate 
Removed by Dilute Acetic Acid. 


Percent 
CSW GSH OY EN CIC INE See we > ree see eee Ta Se ae. EES 49.80 
ON TUT cet eee oases ae ers eae gs aa we gee wwe ee emcee wate een eenoeece 11.05 
I BreCopaib Wop eee nee ee Sens Care Re oe re eR ee en 1795 
DE el eg BSC eo oR NN eo) ph 5 te ee ee eerie Pea Fee eee ee goes 0255: 
BUDS Wok nih Sake i eee aie sees RP MERE eR Ree ee eeee epee Mes reer See 2.45 
XO PENSH AN ree cere map nee a an eee een eece epee 5 PA cemeae ce ec RR ES eRe EIT 
BG eae wie el ars aa cas NS mae I ere en rate eer an Ar RAN PEER NE ress tae oe 16.26 
100.76 


The ferric oxid is high and the alumina is low; otherwise 
it presents no exceptional features as a rather pure clay. Two 
percent of alkalis is rather high for ordinary clay but it is low 
rather than high under the conditions. We tacitly assume that 
the alkalis are not soluble in water, especially the potash, be- 
cause of the ability of the soil to absorb or fix it. We do not 
know whether the potash that appears in the acetate solution 
belongs there or not, but we believe it does. The silicic acid in 
the analysis is lower than one would expect it to be in a product 
obtained in the manner that this was, as a mechanical portion 


of a soil in which we have reason to believe amorphous silica 
may occur. This completes our presentation of the soil factors 
at the beginning of the experiments. 


Wuy WE Dip Not USE HypROCHLORIC ACID 


We have used water to remove soluble salts such as are 
not supposed to be in any kind of combination in the soil. This 
soil shows effervesces under proper conditions. The calcic car- 
bonate is a disturbing factor but it is a component of our soil. 
The question of how we should treat it had to be solved; the 
data relative to the separates show that it is a very real ques- 
tion. We tried to dissolve out the carbonate after having deter- 
mined the carbon dioxid and calculated the calcic carbonate 
corresponding to it, by treating the sample with a slight excess 
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of dilute hydrochloric acid. This gave unsatisfactory results. 
The action was too vigorous; at least, the treatment with am- 
monium chlorid failed to give even an approximate equality 
of the equivalents of the bases that went into solution and the 
ammonium fixed. The ammonium fixed was in excess of the 
bases removed by the ammonium chlorid and the equivalents of 
both were much lower than when we used acetic acid. The 
samples 2884 and 2886 were not treated with hydrochloric acid, 
but fifteen other samples were treated in this manner and agree 
in showing the results just stated. We used an excess of dilute 
1:2 hydrochloric acid and attacked the complex. 


We will give partial analyses of the ammonium-chlorid 
solution of two soils, Nos. 2920 and 2924, with those of the 
corresponding subsoils Nos. 2921 and 2925 after extraction with 
acetic acid together with similar analyses of acid solutions after 
the hydrochloric acid extraction. 


These analyses will serve to show how vigorously the dilute 
hydrochloric acid attacks these soils, a fact that we have em- 
phasized previously in Bulletin 319 for a subsoil from this land 
taken perhaps 125 feet from the south end of this plot. 


TABLE 23.—Analyses of the Hydrochloric Acid Solutions, Percentage on Air- 
Dried Material. 


No. 2920 No. 2921 No, 2924 No. 2925 

Soil Subsoil Soil Subsoil 

Percent Percent Percent Percent 
Carbonie acid 0.6580 4.9870 0.4910 5.0510 
Silicie acid 0.1142 0.1117 0.0954 0.1076 
Phosphorie acid 0.0804 0.0792 0.07384 0.0741 
Iron and alumina 0.4350 0.4950 0.4720 0.5190 
Manganie oxid (br) 0.0280 0.0240 0.0240 0.0190 
Caleie oxid 1.1960 6.5840 0.9970 6.7480 
Magnesic oxid 0.1031 0.26385 0.1035 0.2574 
Potassie oxid 0.0757 0.0428 0.0581 0.0633 


Sodie oxid 0.0069 0.0117 0.0281 0.0164 


The acid used in making these extracts was diluted, one of 
acid to two of water, and the extreme time of treatment was 
15 minutes. The solutions were separated from the soil by cen- 
trifuging which was more convenient and certain than filtering. 
The composition of the hydrochloric acid solution of this cal- 
careous portion of the subsoil is also given in Bulletin 319, pp. 
32-35, but for a slightly different purpose. 

The object of giving these data here is to show the vigorous 
action of this acid on these soils and to exhibit the composition 
of the solutions in percentages of the soil taken. 


The alumina and iron oxid is very high, the lime and mag- 
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nesia also, but we have elsewhere seen that every sand grain 
in this soil is coated with a clayey carbonate of lime. The clay 
in these coatings is not abundant but the carbonate of lime is 
very abundant in the mechanical portion designated clay. Per- 
haps the most suggestive feature in the composition of these 
hydrochloric-acid solutions is the amounts of phosphoric acid 
and potash that are very readily soluble. This was also pointed 
out in Bulletin 319, page 41. 

The soil, after having been treated with this hydrochloric 
acid and washed with water, was treated with normal am- 
monium-chlorid solution in regulation manner, the solution ana- 
lyzed and the ammonium finally determined in the soil. The 
results are given in percentages of the air-dried soils. 


TABLE 24—Partial Analyses of the Ammonium-Chlorid Solutions of Soils 
After Treatment with Dilute Hydrochloric Acid. 
No.2920 No. 2921 
Soil Subsoil 
Percent Mg. Equiv. Percent Mg. Equiv. 
Manganie oxid (br) 0.0016 0.042 0.0012 0.031 
Caleic oxid ‘ 6.0348 1.243 0.1440 5.145 
Magnesic oxid 0.0113 0.561 0.0160 0.798 
Potassie oxid 0.0195 0.414 0.0134 0.285 
Sodie oxid 0.0047 0.152 0.0021 0.068 
2.412 6.327 
Ammonium 7.895 9.487 
No. 2924 No. 2925 
Soil Subsoil 
Percent Mg. Equiv. Percent Mg. Equiv. 
Manganic oxid 0.0008 0.021 Oc it 
Calcie oxid 0.0236 0.843 0.1428 5.1102 
Magnesic oxid 0.0106 0.526 0.01538 0.759 
Potassie oxid 0.0208 0.442 0.0159 0.888 
Sodic oxid 0.0094 0.304 0.0055 0.178 
2.116 6.448 
Ammonium 8.323 9.309 


The amount dissolved by the ammonium chlorid is small 
and the milligram equivalents are correspondingly low and the 
ratios are wrong. If a replacement had taken place the bases 
and the ammonium should be equal or nearly so. The other eleven 
samples done in this manner gave similar results. The method 
did not promise to give us enough useful information about 
the soils to justify its continuance. 

We treated these samples, Nos. 2920, 2921, 2924 and 2925, 
being respectively soils and subsoils, with acetic acid, as well as 
with hydrochloric acid and present the results for comparison 


with those obtained by first treating them with hydrochloric 
acid, which have just been given. 


Jan., 1930 EFFECTS OF CLOVER AND ALFALFA IN ROTATION 67 


TABLE 25.—Partial Analyses of the Acetic-Acid Solutions of Soils and Sub- 
soils in Percentages of the Air-Dried Samples, Nos. 2920, 2921, 2924, and 2925. 


No. 2920 No. 2921 No. 2924 No. 2925 

Soil Subsoil Soil Subsoil 

Percent Percent Percent Percent 

Manganic oxid (br) 0.0012 0.0080 0.0022 0.0090 
Caleie oxid 0.7442 5.9790) 0.5565 6.0760 
Magnesic oxid 0.0318 0.0792 0.0308 0.0865 
Potassic oxid 0.0303 0.0228 0.0284 0.0894 
Sodie oxid 0.0042 0.0072 0.0045 0.0073 


TABLE 26.—Partial Analyses of Ammonium-Chlorid Solutions of Preceding 
Samples After Treatment With Acetic Acid. 


No. 2920 No. 2921 
Soil Subsoil 
Percent Mg. Equiv. Percent Mg. Equiv. 

-—- Manganic oxid (br) 0.0048 0.126 0.0016 0.042 
Caleie oxid 0.3028 10.820 0.3848 13.750 
Magnesic oxid 0.0204 1.012 0.0250 1.240 
Potassic oxid 0.0391 0.830 0.0180 0.882 
Sodie oxid 0.0051 0.165 0.0032 0.013 
12.953 15.517 
Ammonium 13.342 pelea 

No. 2924 No. 2925 

Soil Subsoil 

Percent Mg. Equiv. Percent Mg. Equiv. 

Manganiec oxid (br) 0.0028 0.073 0.0016 0.042 
Caleie oxid 0.2988 10.677 0.3868 13.831 
Magnesic oxid 0.0226 1.121 0.0269 1.334 
Potassie oxid 0.0415 0.881 0.0258 0.548 
Sodic oxid 0.0034 0.110 0.0032 0.101 
12.862 15.856 
Ammonium 15.371 11.535 


HYDROCHLORIC ACID DESTROYED RATIOS OF MILLIGRAM 
EQUIVALENTS 


The hydrochloric acid took much larger quantities of bases 
into solution than the acetic acid; this influenced the amount of 
bases that went into solution in subsequent treatment with 
ammonium chlorid and altered the ratio between these and 
the ammonium fixed by the residual soils, both of which are very 
low. The bases were lowered more than the ammonium. 


In the cases of the soils treated successively with acetic 
acid and ammonium chlorid, the milligram equivalents for bases 
and ammonium are in better agreement. The excess in the sub- 
soil is due to excessive lime and the error is on the right side. 
This error will be frequently found in the subsoils which are rich 
in calecic carbonate. If we are correct we should expect rather 
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close agreement in the exchange values of the soils but a tend- 
ency to high values for the bases in the subsoils. In the analy- 
ses of Nos. 2884 and 2886 washed with water, the calcic car- 
bonate was not removed and we have high equivalents for the 
bases which still holds for No. 2886 after pulverization to pass 
a 200-mesh sieve but in a far less degree. 


PULVERIZATION ALTERED RATIO OF MILLIGRAM EQUIVALENTS 


Pulverization in this case changed these relations ma- 
terially, which shows that the calcic carbonate or clay that may 
be present are only contributing and not exclusive factors de- 
termining the fixation of ammonium. The milligram equivalents 
of the bases taken into solution are very nearly equal in the re- 
spective pairs but the ammonium fixed has been increased by 
the grinding. In this case the two samples, identical in every 
respect except in the degree of fineness, show very different 
degrees of ability to fix ammonium. We do not know how much 
we may have comminuted or otherwise changed that portion, 
60 percent of the whole in round numbers, that already passed 
the 200-mesh sieve, but we know that we reduced 40 percent of 
the mass, one-half of which would not pass a 100-mesh sieve, to 
pass a 200-mesh sieve. How much of this was fine enough to pass 
a 225 or 250-mesh sieve we do not know, but our results show 
that this question is of some importance. 


CONDITIONS OF INTERPRETATION 


We shall depend upon the following conditions as the basis 
of our interpretations: First, we shall uniformly use air-dried 
samples. This will reduce them to an almost constant and uni- 
form percentage of moisture and they will probably change from 
their fresh or field condition by about the same amount and in 
the same direction on drying in this manner. We shall treat 
them with dilute acetic acid in amounts only slightly in excess 
of that required to dissolve the calcic carbonate present whose 
amount has previously been determined. This is done to remove 
the carbonate as completely as the conditions permit and also the 
lime solution formed to prevent their taking part in subsequent 
reactions. We shall use a fine earth that passes a 20-mesh sieve 
and assume that the relative amounts of the different-sized par- 
ticles in the plots remain essentially the same throughout our 
experiment. We shall use normal ammonium chlorid solution, 
five parts solution to one of soil, and digest 4 hours. The essen- 
tial datum for our purpose is the ammonium or its milligram 
equivalent that remains fixed in the soil. We shall give the bases 
removed by the ammonium-chlorid solution and shall add to 
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these the composition of the acetic-acid extract because much 
besides lime and magnesia goes into solution and we believe 
this extract to have great value. The reader is entitled to know 
this composition in order to judge of this himself. 


The composition of this solution probably presents as faith- 
fully a reflection of the changes that take place in the soil as any 
other single factor and is presented because of its own value 
as well as to complete the statement of data. This solution repre- 
sents an important portion of the soil containing bases more 
readily soluble and available than those exchanged with the am- 
monium. We have effected a division of the nutrients, particu- 
larly the potash and probably of the phosphoric, acid also, into 
more and less readily soluble portions which gives us a more in- 
timate view of the soils’ capabilities than we have otherwise 
obtained. The phosphoric acid has not been given in our regu- 
lar statement of the acetic acid extract, but the phosphates in 
the soil are soluble in acetic acid, which is not surprising as it 
is present in the aqueous extract and yet we find it stated that it 
is not soluble. We found 0.0042 and 0.0027 percent of the air- 
dried soil in two of these extracts made to get rid of the excess 
of lime salts. The four places in the percentage statement are 
given because it can as readily be read in parts’ per million if 
wished. 


Extraction with water is so difficult that it- is practically 
prohibited when we attempt to operate with larger quantities 
of soil, but this acetic-acid extraction is feasible and does not 
extract the more firmly fixed bases replaceable by ammonium 
as easily as the hydrochloric acid does. The relations of the pot- 
ash in this connection are important. We shall adopt another 
manner of investigating these later, because the quantities in- 
volved are too small to be determined expeditiously and satis- 
factorily by gravimetric methods, and if they were, the labor 
involved is entirely too great. It will be observed later that so 
far as our purposes are concerned the results obtained by the 
two methods are concordant. 


We shall include manganese among the exchangeable bases 
because it is uniformly present in our soils and in their aqueous 
extracts, and is uniformly present in plant ashes. The milli- 
gram equivalent is small but it belongs in the reckoning and 
should appear. 


How much, if any, of the bases that go into solution in 
water or acetic acid used as in this procedure belong in the 
complexes, each reader must judge for himself. I do not think 
that they belong there or at most to only a small extent. 
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STATUS OF SOIL CONDITIONS AT BEGINNING OF EXPERIMENT 


CONDENSED STATEMENT 


The cases of Nos. 2884 and 2886, two samples of the soil 
taken at the beginning of our experiment, are repeated here in 
their essential features that a better view of them may be had 
and a better judgment formed of the merits of the methods of 


investigation. 


Passed a 


90-mesh Sieve. 


TABLE 27.—Sieve Analysis of the Samples as They 


No. (2884 No. 2886 

Percent Percent 
Remained on 40-mesh 7 8.20 7.14 
Remained on 60-mesh 5.06 4.40 
Remained on 100-mesh 12.46 9.64 
Remained on 200-mesh 17.90 14.64 
Passed through 200-mesh 58.38 64.18 


TABLE 28.—Composition of Soluble Portion in Percentage of Air-Dried Soils, 


Nos. 2884 and 2886, as They Passed a 20-mesh Sieve. 


No. 2884 

Water Acetic Acid 
Silicie acid 0.0170 0.0160 
Tron and alumina 0.0035 0.0060 
Manganic oxid (br) 0.0008 0.0130 
Calcie oxid 0.0496 1.03880 
Magnesie oxid 0.0052 0.0440 
Potassic oxid 0.0186 0.0360 
Sodie oxid 0.0011 0.0060 
Phosphorie acid 0.0012 


Water 


0.0292 
0.0037 
0.0003 
0.0439 
0.0055 
0.0324 
0.0015 
0.0014 


No. 2886 
Acetie Acid 
0.0180 
0.0040 
0.0260 
1.5630 
0.0540 
0.0620 
0.0040 


TABLE 


29.—Bases Dissolved by Normal Solution of Ammonium 
Ammonium Fixed (20-mesh Sieve). 


Chlorid, 


and 


Previously Treated With Water 
No. 2884 


No. 2886 


Percent Mg. Equiv. Percent Mg. Equiv. 

Manganie oxid (br) 0.0044 0.154 0.0048 0.126 
Caleie oxid 0.3680 leya eR} 0.4208 15.005 
Magnesie oxid 0.0294 1.458 0.0337 1.675 
Potassic oxid 0.0502 1.066 0.0756 1.605 
Sodie oxid 0.0512 1.652 0.0172 0.555 

17.414 18.963 
Ammonium Teale iTS) 


13.692 


Previously Treated With Acetie Acid 


No. 2884 No. 2886 
Percent Meg. Equiv. Percent Mg. Equiv. 
Manganic oxid (br) 0.0076 0.198 0.0068 0.190 
Caleic oxid 0.3142 12.190 0.3724 13.310 
Magnesie oxid 0.0127 0.629 0.0186 0.9238 
Potassie oxid 0.0263 0.558 0.0225 0.478 
Sodie oxid O.0024 0.077 0.00388 lO)anl?2al 
13.452 15.022 


Ammonium 


13.489 


14.700 
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These samples were not previously treated with dilute hy- 
drochloric acid but other samples were and the results were 
not satisfactory. We endeavored to ascertain the effects of grind- 
ing these samples to pass a 200-mesh sieve after previous ex- 
traction with water. Results obtained in treatment with am- 
monium chlorid are given above. The sample was next ground 
to pass a 200-mesh sieve and treated with ammonium chlorid 
solution. The following statement is to be compared with the 
one under subcaption ‘‘Previously Treated with Water.” 


TABLE 30.—Bases Dissolved and Ammonium Fixed in Samples Washed With 
Water and Ground to Pass a 200-mesh Sieve, in Percentage of Air-Dried Soil. 


No. 2884 No. 2886 
Percent Mg. Equiv. Percent Mg. Equiv. 


Manganic oxid (br) 0.0064 0.168 0.0064 0.168 
Caleie oxid 0.3736 13.323 0.4164 14.804 
Magnesic oxid 0.0331 1.635 0.0370 1.835 
Potassic oxid 0.0642 1.362 0.0852 1.809 
Sodic oxid 0.0640 2.061 0.0208 0.671 
rt i 

18.553 19.287 

Ammonium 18.889 18.089 


Next, all that portion of these samples that would pass a 
200-mesh sieve was washed out and the organic residues washed 
off as perfectly as possible and the portion remaining, about 40 
percent of the original fine earth, was ground to pass the 200- 
mesh sieve and treated with the ammonium chlorid solution. 
This residual sample formed a pinkish sand composed largely 
of felspar, but it showed plainly the effects of weathering. 


TABLE 31.—Bases Dissolved and Ammonium Fixed by That Fortion of Fine 


Earth Coarser Than 200-Mesh, but Subsequently Ground in Agate Mortar to Pass 
This Mesh. 
No, 2884 No. 2886 
Percent Mg. Equiv. Percent Mg. Equiv. 
a Manganic oxid (br) 0.0040 0.105 0.0086 0.094 
Calcic oxid 0.2324 8.297 0.2026 7.2338 
Magnesic oxid 0.0191 0.947 0.01338 0.660 
Potassie oxid 0.0388 0.718 0.0298 0.633 
Sodie oxid 0.0200 0.644 0.0192 0.619 
ioe 9.239 
Ammonium B72 2.484 


This analysis shows that a considerable amount of calcic 
carbonate remained on this coarser material and also that when 
ground to pass a 200-mesh sieve this material reacts freely 
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with ammonium-chlorid solution. While the part that passed 
the 200-mesh sieve contained almost all that reacted with re- 
placements, there is no sharp dividing line between it and the 
rest of the soil. The simple grinding can scarcely have produced 
the same changes that weathering had produced. Some clays 
show a very great fixing power but grinding and kaolinization 
are not the same even though the rubbing seemingly must have 
changed the character of the mineral surfaces presented to the 
solution. This idea was presented in Bulletin 319, p. 55, under 
the caption, “The Effects of Grinding,’ where it was shown that 
finely ground felspar, when treated with ammonium chlorid 
and carbonic acid in successioi., and when another sample was 
treated in the reverse order, yielded materially more to the 
first solvent used than to the secoud. 


FURTHER STATEMENTS OF ANALYSES 


While it greatly increased the analytical work and may 
appear to give too detailed a statement of the results, it is per- 
haps advisable to include the analysis of the acetate solution in 
each case. The same may be said of the bases that went into 
solution in the ammonium chlorid. We need, however, no excuse 
for presenting these; the former gives us an excellent view of 
the supply of readily soluble nutrients in the soil and the latter 
enables us to see how close the ammonium retained or fixed by 
the soil agrees with the bases released from its more stable 
portions. Perhaps the latter statement might better be from the 
finest portions of the soil whose relations to its present fertility 
may be doubtful but is certainly less intimate than the portion 
easily soluble in the acetic acid solution. The dividing line is 
between the easily soluble salts, potash for instance, and those 
held in the finest particles of the soil, complexes perhaps, which 
can be set free as exchanged bases by treatment with ammonium 
chlorid. Here the original structure of the complex is disturbed 


simply by the substitution of ammonium for the respective 
bases. 


Our primary object was to ascertain in what sense and to 
what extent these factors may be affected by a 2-year rotation. 
We especially desired to ascertain the extent to which these ex- 
change values might be affected ; in other words, what the effects 
might be on the complexes. We hoped to find an answer to this 
in the increase or decrease of the ammonium fixed as exhibited 


by a considerable number of samples taken in a systematic man- 
ner. 
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PoTASH TAKEN Up BY NORMAL AMMONIUM-CHLORID SOLUTION 


We treated the samples with dilute acetic acid in a slight ex- 
cess only to dissolve the calcic carbonate. It was not allowed to 
stand longer than was judged necessary, but in no case over 2 
hours. The calcic acetate formed probably reacted with the soil 
complexes and perhaps with the mineral particles too. We have 
shown that calcic chlorid, while a much inferior solvent to am- 
monium or sodic chlorid, acts very decidedly upon ground felspar. 
Such reaction may affect the amount of potash taken into solu- 
tion but probably will not affect the amount of ammonium fixed, 
or if at all, to only a slight extent. As the calcium solution is not 
very active, the solution rather weak, the temperature that of 
the room, and the time never more than 2 hours, the amount 
of potash taken into solution by reason of such an exchange is 
probably not sufficient to materially change the natural relations 
in this respect. I believe that this acetate solution represents 
constituents held even more lightly than those that have entered 
into the absorbing complex of the soil. They are practically 
present in solution and are diffused into the acetate solution. If 
this be correct we effect a separation of the most readily avail- 
able ingredients from those which have entered into the com- 
plexes and which are perhaps not so available. The sum of these 
represents the total nutrients, potash for instance, available at 
the time of sampling. 


The potash, soluble in the acetate solution, is probably more 
variable than that held in the aggregates which seem to be a 
constant quantity in these samples, if the amount of ammonium 
fixed may be taken as a criterion. The indications are that the 
lime and potash replacable by ammonium are really more near- 
ly constant than appears from our tables. I think that the 
tables indicate this. For instance, the lime is much more abun- 
dant in the subsoils, (see the lime in the acetate solutions), and 
it is difficult to wash 100 grams of soil, containing 5 or more 
grams of calcic oxid, free from its solution in acetic acid 
Any error in this direction will express itself in the analysis 
of the ammonium-chlorid solution. The rule is that the lime in 
the ammonium chloride solution of the subsoil is uniformly high 
whereas the ammonium fixed or its milligram equivalent is low. 


The ammonium fixed varies with the fineness of the ma- 
terial treated, a fact demonstrated in the cases of Nos. 2884 
and 2886 in which the milligram equivalents of the ammonium 
fixed were increased from 13 to 18 by simply grinding the 
samples in an agate mortar to pass a 200-mesh sieve, whereas 
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the original fine earth passed a 20-mesh, but contained 60 per- 
cent that would pass a 200-mesh sieve. The grinding increased 
the milligram equivalents of the ammonium fixed by five points. 
I believe that grinding really alters minerals though it is difficult 
to believe that the grinding produces the same effects as kaolini- 
zation by weathering. 


We were not quite satisfied to leave this question though it 
seemed to us as positively demonstrated. In order to carry it a 
little further we washed out of these samples all the material 
that would pass a 200-mesh sieve, dried the remainder, pul- 
verized it to pass a 200-mesh sieve, and treated this remaining 
material with ammonium chlorid. The fixation of ammonium by 
this portion of the samples was represented by 2.5 and 4.9 milli- 
gram equivalents. The increase effected by pulverizing the whole 
sample was 5 milligram equivalents. This was not due to natur- 
ally formed complexes. 


EXCHANGEABLE BASES IN THESE SOILS EQUAL 13 MILLIGRAM 
EQUIVALENTS OF AMMONIUM 


The ammonium fixed by clays is very much higher even 
relatively than in the case of these soils. Whatever the fixing 
factor in these soils may be, the amount is fairly well repre- 
sented by ammonium having 13 or 14 milligram equivalents. Our 
results swing a little higher, also a little lower than these figures; 
the lower figures are found mostly in the cases of the subsoils, 
possibly due to the variation in the amount of organic matter 
and clay that may be present. 


The change in the color and character of the soil is well 
marked at the transition from soil to subsoil. We do not feel 
disposed to attribute the variations in our ammonium-milligram 
equivalents to errors of manipulation for in cases of repetitions 
we have failed to change apparently doubtful results. An occa- 
sional high result in the case of the bases is due to the difficulty 
met in washing out large quantities of lime. 


In the following tables the even numbers from 2900 to 2959 
inclusive, represent soils and the odd numbers, subsoils, but 
from numbers 3151 to 3168, this is reversed. 


The soil is very close to 12 inches deep. The samples repre- 
sent the soil to approximately this depth and the subsoils to 
the same depth but we shall give a few smaller sections, 4 and 6 
inches, for instance, but these will be designated. 


—_— 
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TABLE 32.—Partial Analyses of Soils Nos. 2884 to 2959 and Nos. 3151 to 3170 
Stated in Parts per Million. 


Acetate Solution p. p. m. Ammonium Chlorid Solution Mg. Equiv. 
DP: DP: mi: Bases 
‘Noo MnO, Cad MgO K,0 Na,OMn,O, CaO MgO K,O Na,O Ammonium 
3 Apr. 1925 
2884 130 103880 440 360 60 76 3412 120 263 84 13.65 13.49 
2885 180 6170 1180 330 140 8 3248 292 208 24 LUBIACGH alal-(Y3 
2886 260 15630 540 620 40 68 3724 f 225 38 15.02 14.71 
2887 180 64190 1260 330 150 8 3440 320 208 24 alsyeaittey | aleleX0) 
4 Nov. 1925 
2900 140 1020 290 320 Uy 2 2944 lob 435 47 1276 13.61 
2901 220 64960 1190 410 110 3228 308 239 00 nese) alles} 
2902 110 27080 520 490 80 24 3744 145 bbl 49 15.48 14.16 
2903 200 68880 1250 520 120 8 3340 334 PAE 00 14.15 12.78 
2904 70 5320 330 250 60 20 2952 202 415 46 2RGoumelomelt 
2908 180 56920 1170 470 470 44 3304 334 277 4 14.18 10.96 
2906 90 14010 480 490 60 12 3564 178 580 42 15025 aseoo 
2907 180 64180 1330 520 250 32 3500 aya 267 40 13.47 11.83 
2908 50 12980 440 350 40 64 3112 152 364 48 12.95 16/22 
2909 150 52430 860 550 410 40 3068 267 321 4 13.07 10.10 
2910 60 18790 510 610 40 76 Br 162 506 60 13.29 2.78 
2911 180 67900 1340 600 280 32 3380 355 278 Bil 14.68 12.62 
2912 100 7640 360 300 60 44 3176 204 305 BYE 13.44 138.25 
2913 140 64900 970 230 480 32 3524 315 211 4 14569) te 
2914 20 9620 440 340 280 44 3252 204 372 55 13.72 12.32 
2915 190 59360 2750 190 280 24 3312 349 168 63 14.18 10.62 


*The even numbers are soils; the succeeding odd number, the corresponding 


subsoil. 
Acetate Solution p. p. m. Ammonium Chlorid Solution Mg. Equiv. 
Dp. DP: m. Bases 
*No. Mn,0O, CaO MgO K,O Na,OMn,O, CaO MgO K,O Na,O Ammonium 
2916 90 14460 460 300 170 36 3500 211 356 42 14.538 12.90 
2917 150 66280 850 240 440 32 3520 321 202 al GIR RY alal all) 
2918 160 21880 630 300 440 32 3512 195 348 35 «614.46 12.75 
2919 180 65160 1350 260 260 28 3516 337 178 82 14.77 11.48 
18 March 1926 
2920 12 7442 318 303 42 48 3028 204 391 il alas) leit 
292] 80 59790 792 228 72 16 3848 250 180 a wlsjeeyey alsleilts 
2929 40 19320 499 483 24 20 3640 218 465 57 15.26 15.78 
2923 80 67870 984 375 82 20 3980 278 235 47 16.30 10.70 
2924 22 5565 308 284 5 28 2988 226 415 84 12.86 15.37 
2925 90 60760 865 394 73 16 3868 269 258 32 15.86 11.54 
2926 90) 15700 517 600 90 24 3544 278 464 78 15.84 16.75 
2927 100 68470 1118 382 159 20 3860 ~—- 388 S25 DO Ges Bee azane 
2928 70 12930 485 449 132 24 3160 258 372 80 14.22 14.69 
2929 110 56350 934 624 122 20 8352 285 270 76 14.64 14.38 
2930 70 22200 550 755 127 20 3636 248 500 100 15.68 18.67 
2931 110 69410 1097 465 143 20 or L2 324 219 61 15.59 16.38 
2932 50 6700 351 339 106 2m bile) seeee20lueig32) G4 sia otameniteds 
2933 110 65130 941 196 158 24 4260 330 129 64 17.40 15.31 
2934 50 11500 430 362 104 48 3228 210 323 56 18.54 14.99 
2935 140 59110 890 252 111 24 3852 297 145 80 15.87 13°53 
2936 50 17930 459 316 74 28 3608 240 320 Cy) ileal alse 
2937 110 67650 1021 198 127 16 4308 356 128 52 17.64 16.80 
2938 30 24650 481 373 143 28 3724 217 317 40 15.26 19.89 
2939 90 71320 1089 242 180 80 4532 329 141 60 18.52 17.19 
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Acetate Solution p. p. m. Ammonium Chlorid Solution Mg. Equiv. 
10 WO ale Bases 
*No. Mn,O, CaO MgO K,O Na,OMn,0O, CaO MgO K,O Na,O Ammonium 
07 a 2 
tt Ro wait : 844 380 164 20 3056 208 368 60 12.97 4:79 
2941 70 59750 912 Be Mle ae eae 20) 5016 249 189 80 19:85 Lae 
2942 50 16320 456 589 148 28 3988 197 459 64 16.47 17.79 
2943 80 59620 981 O10 ac 24 5096 308 221 76 19.49 15.94 
2944 40 3780 261 275 175 32 3000 232 311 88 12.89 16.39 
2945 80 49680 825 323 a ee 20 4504 191 165 64 17.66 16°78 
2946 50 14520 485 498 330 36 3004 198 434 124 14.91 17.16 
2947 40 65950 970 341 307 24 4968 274 214 104 19.99 18.23 
2948 40 12830 463 329 260 36 3176 223 328 100 13.27 . 1c 
2949 50 44720 793 490 291 28 3956 178 292 108 16.02 14.80 
2950 50 20970 536 606 249 32 3648 215 474 108 15.51 U9 en 
2951 60 63970 963 426 281 32 4820 295 248 104 19.42 19.05 
2952 50 8410 387 302 265 a2 3020 207 301 217 13.438 ~ 13.92 
29538 110 58690 952 LS Ol geese 36 3856 200 L265) 2A 15.82 15.08 
2954 50 13200 459 325 222 52 3108 208 291 196 13.48 3.48 
2955 110 62540 966 244 270 32 3704 185 139 Lie 15.85 14.38 
12 August 1926 
2956 40 16940 503 290 254 48 3460 227 277 =~164 14.68 16.29. 
2957 100 67790 1089 168 286 Be 4030 217 112 237 15:62 “L5763 
2958 50 24080 575 383 270 32 3520 198 293 72 14.49 5 v0 
2959 80 62650 1039 226 286 44 4068 257 148 80 16.46 12.36 
5 Apr. 1927 
*3151 30 8400 403 353 105 36 2996 HOT 362 92 12.80 12.25 
3152 50 52955 840 35d 110 16 4352 97 219 208 16.8% 2534 
pplipys} 25 18160 506 634 120 32 3712 158 72 96 15.43) TS.e 
3154 30 65770 byw 402 ala Ny 16 4888 101 224 88 18.61 12.18 
LOE) 20 6550 367 247 145 32 3064 22:5 308 124 se Lie 3.09 
3156 45 55790 908 201 95 16 $556 113 164 96 if b2 Wass 
3157 65 Ub575 5384 502 119 py 3532 191 420 93 14.02 14.84 
3158 60 62040 961 425 132 36 4320 87 229 93 di6sr3) Wee 
3159 (a9) 14770 487 343 Wiss) 44 3308 Aral: 316 95 13°90 12789 
3160 60 35625 677 389 19 32 3768 81 240 89 14.73 10.82 
3161 30 23270 500 590 183 44 3688 148 418 123 15.30 138.89 
3162 50 62375 944 443 159 24 4544 69 214 114 17.40 11.60 
3163 35 9120 380 295 145 48 3280 212 320 21116 23,94 13h08 
3164 45 64115 910 140 190 28 4976 712 132 112 18.94 13.56 
1165 40 13560 420 310 140 24 3544 156 320 128 14.60 12.45 
3166 55 56345 790 205 135 24 4522 72 146 120 17.28 10.24 
3167 30 18185 455 310 165 52 3720 204 300 124 15.76 14.77 
3168 30 63170 905 aly aay 165 28 5012 76 dee 132 19.05 16.62 
3169 55 23550 526 361 175 32 3784 HS Bo 148 L628 Wee 
3170 55 66310 1059 218 165 20 4588 72 156 124 L752 W708 
*In this part of the table the odd numbers are soils and the even ones corre- 
sponding subsoils. 


MILLIGRAM EQUIVALENTS Not CHANGED BY ROTATION 


The samples taken in September, 1926, show higher milli- 


gram equivalents than usual, but the significance of this fact 
1s not evident unless it is the result of very high carbon dioxid 
in the soil atmosphere in August and September of this year. 
No unusual variation of this sort is shown by the samples of 
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1927. So far as this feature of our data is concerned our rota- 
tion has not affected it in any way. The soda taken into solution 
by the ammonium chlorid increased decidedly toward the close 
of 1926 and continued to show this feature in 1927. The same 
is true of the acetate solution which consistently carries more 
soda than the ammonium chlorid solution. 


In 1927 the potash that went into solution in the ammonium 
chlorid, especially in the subsoils, was a little lower than pre- 
viously but the ammonium fixed did not vary in any decided 
manner. A few samples of September, 1926, were high in this 
respect but neither the soda nor potash was higher while the 
lime was. 


THE POTASH IN ACETATE AND AMMONIUM-CHLORID SOLUTIONS 


The relation between the amounts of the acetate and am- 
monium-chlorid-soluble potash and the effects produced by the 
crops is made more evident by the results in Table 33 in which 
the date of sampling and the crop grown are given. The first 
pair in each case represents soils and the succeeding pair the 
corresponding subsoils. 


I have not given the manner of sampling though we attach 
much importance to this operation. All samples were composites 
of six or more cores so distributed as to represent the plot. There 
were two plots planted to each crop and four fallow. This ac- 
counts for our giving twice as many samples of fallow land 
as of any one of the cropped plots. The area of each plot was a 
little less than one-tenth of an acre. The wheat plot was not in- 
cluded in our original scheme and a portion of our fallow was 
used for these observations. In the table under alfalfa, No. 2908 
is the soil from our N. W. alfalfa and 2910 soil from the south- 
east plot, while numbers 2909 and 2911 are the subsoils corre- 
sponding to them, but numbers 3159 and 3161 are soils and 3160 
and 3162 are subsoils. 


It may be stated, merely as a matter of assurance, that we 
exercised the greatest care to make every sample, for whatever 
purpose it may have been taken, thoroughly representative of 
the plot at the time. We have purposely omitted the details of 
sampling because we believe that it would add nothing of value 
to the results. 


TABLE 33.—Potash in p.p.m. Found in the <Acetic-Acid and Ammonium- 
Chloride Solutions, and the Milligram [Hquivalents of Total Bases Found and 
Ammonium Fixed. 


FALLOW FALLOW 
Ammonium Ammonium 
No. Acetate Chlorid Milligram Nor; Acetate Chlorid Milligram 
Solution Solution Equivalent Solution Solution HMquivalent 
Ammo- Ammo- 
IS) USO) Bases nium K,O K,O Bases nium 
*3 May 1925 < 7 5 April 1927 
2884 360 263 BV 13.5 3151 426 248 19.4 19.1 
2886 620 225 15.0 14.7 3158 180 125 15.8 15.1 
2885 330 203 13.6 11.0 3152 302 301 13.4 13.9 
2887 330 203 15.8 11.4 3154 325 291 13.5 13.5 
RIEL = 3163 295 214 13.9 13.1 
2900 320 435 123 s.8 3165 310 oat ar eee 
29002 490 551 15.5 14.2 3164 ge 132 Ups ee 
2901 410 Zoo) 13.6 11.4 3166 205 146 we Oe 
2908 520 257 14.2 12.9 
2912 300 305 13.4 13.3 WHEAT 
2914 340 372 13.7 12.3 4 Nov. 1925 
2913 230 211 14.7 ile 2916 300 356 14.5 12.9 
2515 190 163 14.8 10.6 2918 300 348 14.5 12.8 
18 March 1926 2917 240 202 15.0 Till 
2920 303 391 13.0 13.3 2919 260 178 14.8 11.5 
2922 483 465 ilfs35 ISS 18 March 1926 
2921 228 180 15.2 11.2 2936 316 320 ilsyeil 15.3 
2923 375 135 16.3 tahyg 2938 373 317 15.3 19.9 
2932 339 332 13.3 14.4 2937 316 128 17.6 16.8 
2934 362 323 UBYE) 14.9 2939 242 141 18.5 172 
2933 465 219 15.6 16.4 Pe era oP 
age = ee UES 2956 = 290 277 14.7 16.24 
27 Sept. 1926 2958 383 293 14.5 15.07 
2940 B80 368 12.0 14.8 2957 168 137 15.6 15.7% 
2942 589 459 16.5 17.8 2959 226 148 16.5 12.4 
2941 391 189 19.9 TSG Sr April 1927 
2943 510 221 19.5 21.2 3167 310 300 15.8 14.8 
2952 302 301 13.4 13.9 ; os i 
2 3169 361 331 16.2 15.7 
2954 325 291 13.5, 13.5 
k j 3168 175 132 19.1 16.6 
2953 180 125 15.8 15.0 
3170 218 156 17.5 ia 
2955 244 139 15.9 14.4 = 
CLOVER —s cecleal sa 
pe oe ; 2908 350 364 13.0 16.2 
e oe oat 15.0 13.4 2910 610 506 138 408 
2908 350 364 1S SOMERS 2909 550 312 13.1 410.1 
2907 520 267 13.5 ae are ea : 
: pe 2911 600 278 14.7 12.6 
2909 550 321 13. 104 pee eeREreea = = 
Beeeear ie t126 2928 449 372 14.2 14.7 
2924 284 415 12.9 16.4 2930 755 500 AS 
2926 600 164 15:3 «(16.8 9999 a oe a 8.7 
2925 394 258 15.8 11.5 x ee ae ie 14.8 
2927 382 182 163 Wed = Sar a a oe 
27 Sept. 1926 : Sie: ais 2 : 
2944 275 311 12.9 164 Seen ene i oe ae 
2946 498 434 14.9 17.2 2949 490 299 16.0 e 
2945 323 165 Pon Pea 2951 Be ae ia 
2947 341 214 20.0 1y.2 Exe 426 248 19.4 19.0 
- 5 April 1927 
) April 1927 3159 343 316 138.9 12.9 
3155 247 308 13.2 iB oh 3161 590 418 15.3 13.9 
3157 502 420 14.0 14.8 3160 389 240 14.7 10.8 
3156 204 164 17.5 14.5 3162 443 214 17.4 11.6 
3158 425 229 16.7 11.8 
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THE Som, COMPLEx PROBABLY Not AFFECTED BY CROPS 


The preceding tables show that the milligram equivalents 
corresponding to the ammonium fixed did not vary much from 
13 in 1925, were a little higher in 1926, and dropped back in 
the spring of 1927. These milligram equivalents are about right; 
in some cases they have been redetermined without significant 
change. We offer no explanation for the high results of 1926 ex- 
cept to suggest that they may correlate with high carbon dioxid 
in the soil atmosphere in August and September of that year. 
This is the only indication we have that this factor has been 
affected in any manner by our crops, clover and alfalfa. 


THE TOTAL SOLUBLE POTASH DIVIDED INTO Two PARTS 


On the other hand this table presents clearly the division of 
the potash between the two solvents used, dilute acetic acid and 
ammonium chlorid, the former acting for not more than 2 and 
the latter uniformly for 4 hours, though this time is unneces- 
sarily long. The acetic acid solution represents the more readily 
soluble potash and the ammonium chlorid the less soluble, i. e., 
that which was held in the absorbing complex as exchangeable 
potash. Considering the nature of the material operated with, 
the range of the potash dissolved out of the samples, after pre- 
vious treatment with acetic acid, is really very limited in the 
soils and subsoils respectively. If we compare, however, the 
amounts dissolved by the respective solvents, the advantage is 
rather strongly in favor of the acetic acid, the aggregate differ- 
ence being about 200 p. p. m. for both the soils and subsoils. 


The following tabular statement serves to bring this out 
more clearly. The figures are the average of all samples treated; 
for instance, 379 p. p. m. is the average amount of potash ex- 
tracted from the fallow soils by acetic acid added in slight excess 
over the amount calculated as necessary to dissolve all of the 
calcic carbonate present. This was calculated from the amount 
of carbon dixoid found in each case by a direct determination. 
The time of digestion was 2 hours. The ammonium chlorid was 
used in normal solution and the time of digestion was 4 hours. 
So sere ice 9884-5-6 and 7 were taken at beginning of experiment. Numbers 
2884-5 represent soil and subsoil of north half and numbers 2886-7 the south half 
of the whole plot. Footnote for p. 78. 
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TABLE 34.—Potash Dissolved Out of Samples by Acetic Acid and Ammonium 


Chlorid in Succession, in Parts per Million, 
FALLOW CLOVER 
Soils Subsoils Soils Subsoils 
Acetic acid Bo 307 Acetic acid 407 392 
Ammonium chlorid 324 200 Ammonium chlorid 412 225 
Total 103 507 Total 819 617 
WHEAT ALFALFA 
Acetic acid 327 242 Acetie acid 503 399 
Ammonium chlorid 285 150 Ammonium chlorid 328 208 
Total 612 392 Total 831 607 


Heretofore we have paid particular attention to the am- 
monium-chlorid solution and the milligram equivalents as giv- 
ing us an idea concerning the absorption complex existing in 
this soil, also the extent to which it is affected by the crops 
grown. We obtained no more than a suggestion that some influ- 
ence had been exerted by them in this direction by certain crops 
in September, 1926. This was a suggestion only and I consider 
it of little weight because the samples from the fallow plots show 
a tendency in the same direction. 


THE ACETIC-ACID-SOLUBLE POTASH INCREASED BY THE CROPS 


The acetic-acid solutions show much more decidedly that the 
amount of soluble potash in the soil is affected by the crops. The 
wheat crop shows a depression in that that went into solution in 
the acetic acid and also in that that went into solution in the 
ammonium chlorid. The total is practically 100 p. p. m., below 
the total of the fallow. This is true for both the soil and sub- 
soil. The clover and alfalfa each increased the total soluble pot- 
ash over that in the fallow by about 100 p. p. m. in both the 
soil and subsoil. This difference is almost wholly confined to the 
potash soluble in the acetic acid. 


A COMPLEX EXISTS IN THIS SOIL 


Our conclusion from this portion of our investigation is 
that there is a definite complex in our soil which has a capacity 
for exchangeable ammonium corresponding to about 13 milli- 
gram equivalents and that this is the same whether the soil 
is used as gathered and air-dried or previously washed with 
water or treated with dilute acetic acid in the manner stated. 
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THERE ARE SALTS OR SALT SOLUTIONS INDEPENDENT OF THE 
COMPLEX 


There are salt solutions or their equivalents in the soil 
independent of the complexes and these are easily soluble in the 
acetate solution. While the complex is not modified by the crops, 
this soil solution may be improverished by the crop as in the case 
of wheat, or it may be enriched as in the cases of clover and al- 
falfa, taking the potash as our criterion. 

While the potash is only one factor, it is probably the most 
important one; it is certainly so in quantity and others have 
shown that the volume of crops correlates more closely with 
this than with any other factor of fertility. 


SimLiciIc AcID, ALUMINA, ETC., OMITTED FROM STATEMENTS 


In our tabulated statements we have omitted the silica, 
iron, alumina and the phosphoric acid in most cases. The silicic 
acid dissolved out of these soils by dilute hydrochloric acid, 1:2 
of water, on treating them for a very short time, 3 to 10 minutes, 
is not far from 0.1 percent of the soil and the amount separated 
that may subsequently be dissolved by treating the residue 
with sodic carbonate is only a few hundredths of one percent. 
Apropos to this last operation, it must be remembered that it is 
not a difficult matter to bring some quartz into solution. 


HYDROCHLORIC ACID DESTROYS THE SOIL COMPLEX 


The treatment with hydrochloric acid as previously given 
is, on the other hand, sufficient to change the replacement ra- 
tios between the bases removed and the ammonium absorbed. It 
practically destroys them, i. e., it destroys the absorbing com- 
plexes in this soil. This statement is based upon the results ob- 
tained in fifteen cases, using an excess of 1:2 acid. The complex 
does not seem to contain any considerable amount of silica. 

The hydrochloric acid dissolves the iron and alumina rather 
abundantly, about 0.5 percent, including phosphoric acid, which 
it dissolves freely. 

Attention was directed to the easy solubility of the phos- 
phoric acid in this soil in Part I of this investigation, Bulletin 
319. Fifty percent of the total phosphoric acid present went into 
solution in this weak acid, approximately 10 percent in 10 min- 
utes, using 150 cc. acid to 100 grams of soil. The acetic acid dis- 
solved only about 0.02 percent of silica and usually between 0.01 
and 0.02 percent of iron and alumina together; the acid was 
only slightly in excess of that necessary to dissolve the calcic 
carbonate present. 
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PuospHoric ACID SOLUBLE IN ACETIC ACID 


The phosphoric acid that went into solution in the acetic- 
acid solution was determined in a few cases; it varied up to 60 
p. p. m. of the air-dried soil, but was never absent; it was present 
also in the aqueous solutions. 


MoUNTAIN MASSES AND SOILS ARE DIFFERENT 

The study of our problems as presented at this station as 
distinguished from some other parts of the state, has led us to 
emphasize the importance of felspar and its deportment toward 
solvents, especially toward carbonated water. We have in several 
publications called attention to the character of our mountain 
waters and these are the waters we use for irrigating, which 
owe their mineral contents very largely to the solvent action of 
natural waters on this mineral. Mica also contributes, but this 
mineral, while not absent, is not abundant in the soils like fels- 
par. The salts in solution are carbonates with free silicic acid 
and very small amounts of chlorids and sulfates. The princi- 
pal carbonates are those of calcium and potassium. These are 
removed when they come in contact with the soil. Mineralogi- 
cally, our soils differ little from the mountain masses and in the 
main the reactions toward water are alike. The soils and moun- 
tain masses are not identical, the soils retaining the decomposi- 
tion products brought about by the action of air, plants and 
weathering, which are washed off of the mountain masses. 

The lime in these soils is continually playing so big a part 
that we simply have to accept it as a permanent condition. Our 
analyses show that our soils contain from 0.5 to 1.5 percent of 
lime, CaO. From this fact, as well as from the view of the crops, 
potash is the important element in our problem. 


PHOSPHORIC AciD Not INVOLVED IN CROP ROTATION 


The phosphoric acid in this soil is 0.186 percent and all! of 
the experiments that we have made by applying it show that its 
addition does not produce direct crop results, so there are rea- 
sons for believing that this is not a factor in the benefits observ- 
ed from a crop rotation. This may be due to its ready solubility. 
The acetic-acid solutions contain up to 42 and 60 p. p. m. and 
carbonated water 30 p. p. m. in the presence of 10,110 and 15,- 
340 p. p. m. of calcic oxid in the form of bicarbonate. The 
aqueous extracts also carry it in solution. Many examples of 
this fact are given in Bulletin 22 of the Bureau of Soils, United 
States Department of Agriculture, but not in the presence of so 


much lime which is considered to preclude its remaining in 
solution. 
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I do not know how dilute a phosphoric-acid, soil solution 
will suffice for the growing of good crops. I have seen the 
statement that plants could supply themselves with a sufficiency 
of phosphoric acid from solutions containing one part per mil- 
lion. This soil would maintain a stronger solution than this. We 
found in an aqueous extract 14 p. p. m. P:Os, and higher figures 
are given by others for some soils. The amounts given above, 
60 and 42 p. p. m., for the acetic acid solution and 30 p. p. m. 
for carbonated water, justify us in omitting this phase of the 
question in our investigation. 

According to our view of the problem we are justified in 
confining ourselves so far as the mineral constituents involved 
in crop production are concerned, to the potash supplied. 

The data already given show that in the cases of clover 
and alfalfa, the occupancy of the land by these crops increased 
the soluble potash, K:.O, in the top 2 feet of the soil by 800 pounds 
per acre. 


INVESTIGATION OF WATER-SOLUBLE POTASSIUM 


We arrived at a similar conclusion as the result of a differ- 
ent line of investigation, the principal one in this work, which 
had for its specific object to ascertain whether the soluble potas- 
sium was increased. 

We showed in the first section of Bulletin 319, as the re- 
sults of a preliminary series of observations which extended 
over three seasons, that the soil atmosphere in fallow ground 
carries about 35 parts per 10,000 of carbon dioxid but under 
clover it carried five times as much. In the second section of 
the same bulletin we showed that carbonated water acted on fel- 
spar removing principally potash, K.O, up to 720 p. p. m. if the 
mineral were finely ground. The fallow ground is acted on at all 
times by an atmsophere carrying 35 parts carbon dioxid per 
10,000 but that planted to clover by one five times richer; the 
latter should also be richer in soluble potassium, provided the 
clover did not use up all of the excess. Land planted to alfalfa 
should be at least as rich in soluble potassium as that planted 
to clover, for while it is a very heavy feeder on potassium, it 
evolves an immense amount of carbon dioxid and maintains the 
evolution throughout the year. We shall later set forth the 
details in regard to this point. 

The carbon dioxid in the fallow ground kept free from all 
visible vegetation was undoubtedly due to the soil population. 
If these factors were equally active in the clover soil we must 
have to credit the clover with four-fifths of the total car- 
bonic acid found, but the source of the carbon dioxid does not 
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affect the question as here presented; if the carbon dioxid is 
continuously more abundant in one soil than in another and if 
the carbon dioxid and water will continuously act on the felspar 
in these soils to liberate potash, the one more liberally supplied 
with carbon dioxid ought, if no disturbing factor enters, be 
the richer in soluble potassium. 


CARBON DIOXID IN SOIL ATMOSPHERE NoT DUE TO SOIL 
POPULATION 


It is neither proved nor disproved that the soil population 
is equally active in the fallow and clover ground. How these soil 
organisms and the clover agree I do not know, but some of them 
agree finely. I doubt whether this feature is as important as | 
at one time thought it was but it is not negligible. My impres- 
sion is that a general opinion obtains that the soil population 
is accountable for the larger portion of the carbon dioxid in 
the soil atmosphere and for some favorable changes such as 
the solution of phosphoric acid. Some of these things may be 
so but they are not all true. The data given lead us to credit at 
least four-fifths of the total carbon dioxid found in land planted 
to clover to the plants themselves. 

We have intimated that the clover may stimulate the 
growth of the soil population followed by a proportionate in- 
crease in the carbon dioxid produced. This may be true too, 
but when the clover was cut in the series given in Bulletin 319, 
the carbon dioxid dropped suddenly, showing that the large 
quantity of carbon dioxid in the soil atmosphere depended upon 
the vegetation of the clover and not upon the soil population. . 
When the clover grew again the carbon dioxid increased again. 
The fall in the quantity of carbon dioxid in the soil atmosphere 
was so sudden and so low that we are inclined to think that the 
soil population was not as vigorous in the clover land as in the 
fallow. The observations on the amount and variation of earbon 
dioxid in the soil air have been greatly extended in the main 
series and made to include clover and alfalfa as the main mem- 
bers and wheat and maize as subordinate members. Mr. Doug- 
lass has made a great many observations in this connection and 
his data will be presented later. 


RESPIRATION OF ALFALFA Roots 


As we intended that alfalfa should be the representative of 
leguminous plants in a rotation which purpose clover fulfilled 
in the preliminary series, we endeavored to obtain an idea of 
the rate of respiration of alfalfa roots and included clover roots. 
For this purpose we gathered the roots and cut out sections 7 
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inches long and weighing 34.5 grams while perfectly fresh. 
The roots were measured and their superficial area ascertained 
to be 31 square inches. In the first experiment the roots were 
used just as they were brought in from the field without wash- 
ing, sterilization or sealing of the cut ends. The result of the 
first experiment was 32.3 cc. of carbon dioxid in 18 hours. 

In the second experiment, at the suggestion of Dr. Durrell, 
I sealed the cut ends with vaseline and sterilized the roots with 
a mercuric chlorid solution. The roots used were smaller and 
presented more surface. The result was 52.8 cc. in 18 hours. 


RESPIRATION OF CLOVER ROOTS 


A similar experiment was made with clover roots, observing 
the precautions of the second experiment. Forty grams of roots 
were taken and the experiment continued for 23 hours. The 
volume of carbon dioxid under standard conditions was 104.1 cc. 

These experiments show that the excretion of carbon dioxid 
from the roots of these plants is sufficient to account for very 
large amounts of the gas. The growing plant must be very much 
more active than these roots if the rapid increase of carbon 
dioxid in the soil with increased vegetation be taken as a guide. 


GREAT MASS OF ROOTS IN THE SOIL 


We used a few roots presenting a few square inches of sur- 
face and the mass of the root itself was the only source of car- 
bon dioxid. The stand of alfalfa was a young one and was a good 
stand; this means that there were probably ten plants to the 
square foot of land. The length of each root was not less than 
6 feet. We have on two occasions endeavored to dig out alfalfa 
roots in this land. We cut off the roots 11 feet below the surface 
and they were still strong roots. I do not know how long they 
were. The alfalfa root does not spread very much, but very 
much more near the extremity than near the crown, where it 
usually consists of a simple taproot. The amount of carbon 
dioxid excreted by such a system even though we should dis- 
count our results greatly, would be sufficient to account for all of 
the carbon dioxid that we have found without the aid of the 
soil population. We have in no way considered the amount 
diffused from the surface of the soil. This is undoubtedly a very 
large amount but not large enough to reduce the amount re- 
maining even at a shallow depth to conceal the results that we 
wish to study. 


The growing plants are much more active than mutilated 
ones; this is shown by the falling off of carbon dioxid after the 
cutting of the plants and its increase as new shoots are put out. 
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Vigorously growing plants eliminate more carbon dioxid 
than slowly growing ones; this is shown by the response made 
in the increase of carbon dioxid after an irrigation which is 
much less in the fallow than in the cropped land because the 
soil population can approach their maximum activity with less 
water than clover or alfalfa. 


CARBON DIOXID EXCRETED BY LEAVES AND STEMS Nov INVOLVED 


The carbon dioxid excreted by the aerial portion of the 
plants does not seem to enter into our question as it apparently 
diffuses into the atmosphere so rapidly that none of it accumu- 
lates at the surface of the ground, even when covered by a heavy 
growth of plants. The only accumulation at this point has been 
under coverings of heavy canvas to prevent free diffusion out 
of the soil, into the atmosphere. 


WHEAT DIFFERENT FROM CLOVER AND ALFALFA 


The presence and source of this greatly increased amount 
of carbon dioxid in cropped soils have been established and 
shown to be the case throughout the year in the case of clover 
and alfalfa. Wheat has a different history; the spring wheat 
that we used completed its life course from planting to maturity 
in about 120 days. It increased the carbon dioxid very largely 
during its vegetative period and the carbon dioxid then declined. 
The dead wheat plants or the parts of them remaining in the 
soil doubtlessly furnished some carbon dioxid as they fell 
prey to the soil population. We cannot follow the effects of this 
crop further than we have already given it. 


We have some data concerning these effects; the nitric nitro- 
gen in the soils is thoroughly exhausted and requires several 
months to be replaced; the total nitrogen is diminished rather 
than increased; the potash is used up to a greater extent than 
it is liiberated—at least this appears to be the end result. We 
have at no time attempted to study its effects upon the amount 
of phosphoric acid in the soil. We have reversed this and studied 
the effects of phosphoric acid applied as superphosphate to this 
crop, but its effect upon the volume and character of the crop 
was nil, even when we applied as much as 60 pounds of soluble 
phosphorus per acre. The story of clover and alfalfa is a differ- 
ent one; they grow throughout the season and live through the 


winter, maintaining the carbon dioxid at all times above that 
in fallow ground. 
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In Bulletin 319 we showed that carbon dioxid in water 
eliminates potash from felspar even when other salts are absent 
but the addition of them increases its action. Our data presented 
in connection with the composition of the acetic-acid solution 
of this soil show that the wheat depressed the potash while the 
clover and alfalfa increased it; this is true particularly of the 
portion that went into solution in the acetic-acid solution or 
was not contained in the aggregates. The portion that went into 
solution in the ammonium-chlorid solution after previous treat- 
ment with acetic acid was not materially affected. In the case 
of the alfalfa this increase was 100 p. p. m. in the subsoil and 
rather more in the soil. As our soil weighs a little more than 
4,000,000 pounds per acre foot, this means an increase of 800 
pounds of easily soluble potash, K:O, per acre taken to a depth 
of 2 feet. 


We attacked this question in another way after we had 
learned of the great and consistent excess of carbon dioxide in 
the soil air under the clover and alfalfa. The suggestion follows 
from our results given in Bulletin 319, i. e., if carbon dioxid 
and water bring potash into solution when in contact with 
felspar, then the water-soluble potash ought to be more plenti- 
ful under clover and alfalfa than in fallow land because the 
carbon dioxid is higher at all times. The potash determinations 
may not be correct but they will be as nearly so for the fallow 
as for the alfalfa, and the results will be comparable. 


We adopted the method proposed by the Bureau of Soils of 
the United States Department of Agriculture, being convinced 
that by adhering to a definite procedure the results would be 
conclusive so far as our purposes were concerned. We certainly 
do not exhaust the soil of its soluble potash by the 3 minutes 
rubbing and 30 minutes standing; this is not claimed for the 
method, but by adhering to a definite treatment the results will 
correspond closely to the relative amounts of easily soluble 
potash in the different samples and this is what we wish to 
ascertain. 


While our data give us some opportunity to observe the 
effects of the growing plants upon the amount of soluble potas- 
sium in the soil, to observe the effects of irrigating the crop, also 
of cutting it, it was not our purpose to study these nor is it our 
purpose to comment on them. The only purpose that we had in 
view was to establish the effects of the crops upon the supply 
of soluble potassium through the increased amount of carbon 
dioxid maintained in the soil air throughout the season by the 
clover and alfalfa. In this respect they differed from the wheat 
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which maintained a large amount in the soil air for the short 
period of its active vegetation only. 


The amounts of potash obtained in this manner can repre- 
sent only the difference or residual potash not used by the plants 
in their growth. The amount used by alfalfa is large and in our 
case we removed the hay from the plots. This was not a neglig- 
ible quantity but we did not set out to keep account of potash 
used. An average crop of alfalfa hay, three cuttings, will remove 
about 200 pounds of potash, K-O, annually. A full crop on our 
college farm removes at least 225 pounds. This is a real factor 
in the potash problem but we have not attempted to take it into 
account though our crops were certainly as good as full crops. 
Any increase given for the total potash in the alfalfa land per 
annum is by this much too small. 

Our piece of land, about one-half acre in area, was divided 
by fallow strips running north and south, also east and west, 
into four sections of a little less than one-tenth of an acre each. 
The northwest and southeast sections were planted to alfalfa 
and the northeast and southwest sections to clover, and portions 
of the dividing area were used for small plots of wheat or corn. 


PLots ARE Not UNIFORM 


Superficially this land appears to be of uniform quality; 
it is far from being such. In some respects these differences 
have been troublesome. The north and south halves of the 
whole piece, from the standpoint of composition, are different 
and the respective sections differ from one another. In regard 
to the potassium extracted by the method given, the north 
half of our west alfalfa plot was at all times and for all depths 
sampled, richer than the south half and also richer than the 
other portions. We further find a variation from time to time 
in the same section. We did not expect to find the soluble potas- 
sium a constant quantity in any plot but it is very proper that 
these variations should be mentioned if not emphasized. 

The alfalfa designated west alfalfa, was accordingly in the 
northwest corner and the east alfalfa in the southeast corner 
of the piece of land. The designation south and north in the 
tables signifies the respective halves of the plot. A glance at the 
table giving the potassium in the west plot shows the striking 
and persistent differences of the two halves. Mr. Vail, who made 
all of these potassium determinations, varied his lines of sam- 
pling in order to establish this difference. The table shows that 
these differences persist in all cases sampled. The samples repre- 
sent the surface 6 inches and the second 6 inches of the second 
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and third foot respectively. The latter depths were chosen be- 
cause they represent the 6 inches of soil lying just above our 
lysimeters. 


SOLUBLE POTASSIUM VARIES WITH GROWTH OF PLANTS 


Shortly after cutting the crop, also after irrigating the 
plots, there seems to be an increase, in the case of the alfalfa, 
in the water-soluble potassium. The increased moisture and 
renewed growth of the plants with a consequent increase in the 
carbon dioxid are the contributing causes. There are sharp 
variations in the results with the clover ground which are prob- 
ably influenced by the maturity of the plants. We see a sharp 
decrease on 22 June in the plot not irrigated, and on 25 June, 
in the irrigated plot. The difference in the date was due to ir- 
rigation and the relative difference in the development of the 
plant. 


The decrease after 138 September was general and followed 
the plowing-under of the crop and consequent changes in the 
soil conditions. It was not our object in making these deter- 
minations to study these features but the broader one of the dif- 
ferences in the effects produced by our crops, particularly clover 
and alfalfa, upon the amount of soluble potassium compared 
with that in the fallow. We assume that the biological factors 
other than the crops are essentially the same throughout the 
piece of land. We think that they are modified but believe that 
the conditions in the fallow land are in the main more favorable 
for the soil population than in the cropped land. 


THE IRRIGATIONS AND CUTTINGS OF 1927 


The plots on the west side were irrigated 27 May and 6 
July, 1927, but the east side was not irrigated till 9 August; 
the whole piece was irrigated 9 September and the crops plowed 
under on the thirteenth. The water was withheld from the 
east side till 9 August to see what effect it would produce on 
the amount of carbon dioxid developed. 

The first cutting of 1927 was made 27 June, the second 29 
July and the third growth was plowed under on 13 September. 
We had snow and rain on 26 September, 13 days after the plow- 
ing. 

The following tables give the soluble potassium found in 
fallow, clover and alfalfa plots from 20 May, 1927, till the end 
of November when the frost interfered with our sampling. 
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TABLE 35.—Soluble Potassium, K, in Fallow, Clover and Alfalfa Plots From 


May 20 Till End of November, 1927. 


Soluble Potassium K, in Fallow Soil, Parts per Million, 1927. 


WEST PLOT 


BAST PLOT 


Depth 0-6 In. 19-24In. 31-36 In. Depth 0-6 In, 19-24In. 31-36 In. 
Date Ss N S) N S) N Date Ss N Ss N Ss N 
20 May ORT emma Leis PXUEGS Vall) abs yral 27 May 22.5 386.9 14.3 18:6 18.6 29k 
3 June* Bt Disy OXNB} Gy4att BiGsT  aificl! 8 June 20.0 W5i8 1013) “Shay Ten eeieies 
11 June 16.9 16.9 8.8 5e9 8.1 8.8 15 June Pi PEER slstol ell, OP Von 
18 June ise PANY GS alesse) cal Sie 22 June 14.5 16.6 12.9 10.4 116.3 1599 
25 June Styl BYah Ge BYRB) ONE ANGE 29 June 19.7 20.4 W5.4 Db.4 ib .8) sais 
2 duly EX Bic eels) Pilea alu ae) 6 July 2639 24:9 1059 DOLL W252 salsa 
9 July 2559) 26-bemie.6 25.3 16.4 a2 13 July Oh Aen eA et 3:0 13.8 dais 
16 July D4 'G 95-3) 18.9 26.9) 2a 26r3 20 July 27.8 23-8. 22.8 18:6) Zane weds 
Zare Uly Bway VASO) aes silt) alive flO) 55) 27 July L722 W599" (23859 2533) SOLS ea0as 
30 July ihilgiy Ibe PIS atl yeh) ales) 3 Aug. B4L2 188.8) se0) sale ies ommeeleaeey 
6 Aug. ASiO) S372) 2208" elie 2159" 826.8 10 Aug. 48:3 42.5 it.ds 1620) DO ISezaie 
13 Aug. fi.4> 4058 19/9 25/0 D529 Leez 17 Aug. 24 22.0 1038 9.8 12.4 Oe 
20 Aug. 50.8 48.3 23.1 27.8 23.8 24.9 24 Aug. 26 26.0) LOLS) 99.9) 15a aie 
ot Aug. 67.9) 68-9) U8s6) ed2s0) e2Ie2 ONS 31 Aug. 28.5 25.0 2152) 20/2) 2a ae 
3 Sept. QA bebe 929) aD ay ODS 1720 28 Sept. 22.0 1853) Abs (929) Sars eee 
23 Sept. 9.9" 9.3) 325.8) 20. 120.7 16.5 8 Oct. 26.1 38.3, 6:9) “6:4 6:5 Yim 
3 Oct. 1456 US 2220) S0l4e 9G 2105 20 Oct. 3229) 276) lS) 664 Ocoee 
14 Oct. Bi) PO see aie ee 28 Oct. 9:9 973 4.4 455, 9h Maines 
25 Oct. DOE 229 Ses O lade tee ie 4 Nov. 19.8 20.6 W0;8 973) 7 !6\ ese 
1 Nov. PA) AI) 6.5 5.4 8.4 8.8 12 Nov. US wubdiee tke 8.1 ot 95 
8 Nov. lays) alge alBye alan aie aie 18 Nov. 15-5) 12:3 1655 9. 10m 
15 Nov. 124 Aa 8 e Te SsS a 9 28 Nov. gi leten SUC T ASRS GRO ale). 48).35 
22 Nov. L2ON 2 eee Sele Ne eamslt deem Gee, 
Average 2825) 2.4 Lo 4y 2207 they Wee 23.2) (22.6 asi) 1 arate 
Soluble Potassium, K, in Soil under Growing Clover, in Parts per Million, 1927. 
WEST PLOT , BAST PLOT 
Depth 0-6 In. 19-24 In. 31-36 In. Depth 0-6 In. 19-24 In. 31-36 In. 
Date Senn ns N SN Date sr eN S N Ss N 
20 May 90.4 69.6 43.3 29.0 24.0 23.6 27 May Arey RP Rea) ol Gee 
3 June 44.0 44.2 44.1 50.2 22.5 24.4 8 June 14.3 19.4 Tit) PAYERS 5.6 14.5 
11 June 420 8See2 20. TCO AG WO 15 June alyeS  NaeR} O.%° 20:2 U3st Baas 
18 June ByeY line UN PAS alee obey 22 June 872. 116 8.1 48.8 Tip eB). 
25 June aye abel ask ish hile) PAOLA 29 June 22.1 26.9 15:4 52:8 9.9 2479 
2 July see BI) Pappy tae alee! ality 6 July nalts ala) aya WR ales) 7G) i! 
9 July DOL) eese2 S008 8.6) eee Oe ead 13 July 153919 2529) 9585 188 l 4a See 
16 July ppeot lsO: eo8.) 26pm deiebe eLOns 20 July 224.8 39.0 15.6 57.2 18.8) e0es 
23 July 30.3 23879 29.5 16.6 219.3 16.6 27 July ZOO R 20088 Wb-se (88.5 ONS ooien 
30 July ies sys GER Pel PAN) at ES 3 Aug. ii 202 113 4528) 6 ees 
6 Aug. AVA 150.5) (2051! diG.0) 2558" 2357 10 Aug. 27.38 58.2 15.8 54.9 25.7 67-0 
13 Aug. fein Aas GO PAR Pa) alse 17 Aug. 20.5 42.4 6.3 52.7) 3070) SEs 
20 Aug. 53.9 50.8 46.6 30:5 43.2; 31.2 24 Aug. 31.4 3056 0.7 62.6 15.4 Ga 
27 Aug. G2) BEG Bulk ees alee PAIL 31 Aug 17.4 18.8 8.4 28.8 O44 15a7 
3 Sept. So eo es Lolo SalOnSmmalOnG 28 Sept. 142° 15:4 (8:0 1953) Oa aees 
23 Sept. S613 oA Oe ee Gao So mECTG: 8 Oct. 1S Sel eels ee ORM eemeel Ome 
3 Oct. Sila 22.9 iol di sep eeeS Smet 20 Cet. 6.8 759) 920.8) 4156) dibs 2 oe0 
14 Oct. 58.89) Von0) 40,08 OO. Busi elONG 28 Oct. Ws Oa DE RSs 
25 Oct. 42.6 34.8 52.4 27.4 11.8 11.8 4 Nov. Teo MGA 8 0rs ond OG eel 
1 Noy. 66.7 b4.2 46.4 37.3 134 107 12 Nov. 23.8 30.5 18.6 41.4 6.6 11.8 
8 Nov, 24.5 16.5 16.1 1.9 8.9 8.9 18 Nov. 3.5 20a As4 Wa 7.9 8.1 
15 Nov. 43.1 4252 536:9) 25.6 2088 Bo 28 Nov 146 ERS) Wes) Br Rent 8.3 
22 Nov. 3858 sOl5 Teo eT | SON Ti0L0 : 
Average 44°6 38:8 31.1 23.0 18.9 17.0 We 28 oe ARO) Seo see 
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Soluble Potassium, K, in Soil under Growing Alfalfa, in Parts per Million, 1927. 


WEST PLOT EAST PLOT 
Depth 0-6 In. 19-24 In. 31-36 In. Depth 0-6 In. 19-24 In. 31-36 In. 
Date Sean Ss N S N Date IS Uy Ss N SN 
30 May AS. 49:7 27.5 109.2 19.4 86.2 27 May 88.7 49.4 53.8 43.6 23.2 1116.0 
3 June 33.9 43.1 41.4 93:7 25.5 87.7 8 June 44.4 33:5 31/9 29.2 85 15.6 
11 June TOP COL | Teg moat meOse 15 June ity Pall lly alisyerh ally et EE 
18 June 21.4 23.3 19:4 23.3 14:0 53.4 22 June 43.5 27.0 18.6 22.4 11.6 12°59 
25 June 21.8 69:7 14:9 86:5 20:6 4252 29 June S953) 4028) 4057) 136.9) 202 Lie 
2 July 30.5 41.9 32.8 65.3 29.3 34.1 6 July GOlbeeoo. 4 woSt4 es 81.0) ole belbaG: 
9 July 3L9 87.9" 2523 86.8) 1450) 57-5: 13 July 52.3 42:6 26.3 24.9 113 W138 
16 July 27.0 51.9 22.0 69.9 12.9 °64.8 20 July 69.3 52.4 56.6 31.8 24.8 20.1 
23 July 37-8 39.5 49:5 89:7 17-9 49-6 27 July 59.0) 40/9 33.9) 24.0 117 92 
30 July abil PERCE REA giles} 7.9 28.2 3 Aug. O23 Giese 4068) 3.3) 20.c loro 
6 Aug. 434 645 45.0 Wo 18.2 51-8 10 Aug. (Uy ere “Bee ee) celts r( GAIL 
13 Aug. 40.6 69.8 30.1 108.7 29.9 115.3 17 Aug. Wiel 5829 4725 63-4" 2610) 97, 
20 Aug. Sao EoakO dase Soule work Ioed 24 Aug. 69:8 43.6 38:0 32.7 2056) L7e5 
27 Aug. 34.4 56.8 22.4 85.9 40.1 lz9u 31 Aug. 32.1 61.2 16.4 10.2 18.3 14.8 
3 Sept. 14.0 238.4 45.9 72.2 40g 62.8 28 Sept. BSD) ZOE eye g  taileisy) alas allt) 
23 Sept. Spire eo Oia LOS OmmlO.s, mesa 8 Oct. bv.1 53.6 36.8 387.6 27.1 1878 
BTL Or es Boats Oo ela S019 1627) 34.9 20 Oct. 30,4 2054 196 16. LOK Teen 
14 Oct. 13.0 16.4 19.1 40:0 21.0 54.4 28 Oct. 29 15.0) 20,00 Le 2 Oss re les 
25 Oct: Ate st. AON eee brs 5 F247 4 Nov. 30754920) 24.31 AOU Zp ameloes 
1 Nov. G2 S10 OC StS ae26.0) 3059 12 Nov. 5902) 91956 49 od.0)) Suomen One 
8 Nov. 174) 2053 18st 40557 1952," 2851 18 Nov. 70.0) B45) 94-8" 26.2) 14 Ges: 
15 Nov. LODZ 204326: 522 2) 429 28 Nov. 12.9. 728" 99" 5.4 27a 2526 
22 Nov. 11.1 14.4 200 42.8 15.6 34.0 
Average 25.5 39:0 Zire ses) 20:0 60:0 54.6 39.9 35.6 30.8 18.5 16.1 


These tables have been put into the form of graphs for two 
reasons; to present at a glance the general facts and to enable 
one to make a comparison with the carbon dioxid found on any 
desired date. 

The soluble potassium in the different plots varies, also the 
north and south halves of the plots vary, and the samples taken 
at different depths do not run parallel. This is quite marked 
in our west alfalfa plot. There is, however, a general parallel- 
ism between the amount of soluble potassium and that of the 
carbon dioxid found in the different plots. To show this was 
the purpose of the determinations and is perhaps as much as 
we could expect our methods to demonstrate. 

The general parallelism of the soluble potassium at differ- 
ent depths is best shown by our east fallow plots but even in these 
we observe at the end of July that the 6-inch samples give a de- 
scending curve whereas the other depths give an ascending one. 
The difference is about 15 p.p.m. While some of the variation 
may be due to:sampling and some to the method of analysis, I 
do not believe that these explain the difference. In the fallow 
plots, we do not find the high and low soluble potassium in the 
separate plots on the same date. The range is larger for the 
6-inch samples in the fallow than for any other depth; this is 
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not true of the clover and alfalfa plots. The other depths in 
the fallow are quite uniform. 

The general and important fact is that there is very de- 
cidedly more soluble potassium in the clover and alfalfa soils 
than in the fallow ground. Further, this amount varies with 
the carbon dioxid. After an irrigation there is a strong devel- 
opment of carbon dioxid due to the accelerated growth of the 
plants, and there is also an increase in the soluble potassium 
present. There are apparent exceptions to the last statement, 
i. e., in the alfalfa plot that was not irrigated till 9 August but 
was cut 30 July, 1927. We have a new growth started after cut- 
ting and the carbon dioxid began to increase; this was main- 
tained by the irrigation applied 9 August; in this case the solu- 
ble potassium increased till 24 August, when it began to fall. 
Again, there is a fall in the alfalfa land that was regularly irri- 
gated, setting in about 23 July. 

We hesitate to advance an explanation for the deportment 
of the soluble potassium in the 6-inch samples from the fallow 
plots but it may be due to a wet period at the end of July. We 
have a similar rise in the unirrigated plot in June, also follow- 
ing a series of light rains. The rise is much more pronounced 
in the irrigated plot. 


POTASSIUM DECREASED AFTER PLOWING 


The decrease in the soluble potassium in the soil after the 
land was plowed on 18 September is marked but it is common 
to the cropped and fallow land though greater in the cropped 
land. The fallow land was occupied by the soil population 
alone, the clover plots by a comparatively shallow-rooted but 
vigorously growing crop and the alfalfa plots by a deep-rooted 
one, yet: they all deported themselves in the same manner. We 
have three depths; the first, fourth and sixth 6 inches of the 
soil. The first 6 inches of the fallow were uniformly richer than 
the sixth 6 inches until after the plowing when they fell to 
nearly the same amount. We observed in our preliminary series 
of carbon-dioxid determinations that, while the moisture did 
not make a great difference in the amount of carbon dioxid in 
the atmosphere of the fallow ground, the temperature did; an 
increase of temperature increased the carbon dioxid and a few 
cloudy and cooler days depressed it greatly. The season may 
have brought about part of this change in the soluble potassium 
in our fallow by suppressing the evolution of carbon dioxid on 
which the amount of soluble potassium largely depends. Our 
west clover plot shows the least change and the soluble potas- 
sium keeps up pretty well. 
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FALL OF SOLUBLE PoTASsIUM Not ANTICIPATED 


This fall in the soluble potassium was not anticipated for 
we thought that the weather was still warm enough to induce 
the crop plowed under to ferment quickly with a strong evolution 
of carbon dioxid, which though it might diffuse out of the 
ground rapidly at this depth, would suffice to bring more potas- 
sium into the soluble form. The clover plot on the west side 
alone gave results lending support to this view and this is not 
very pronounced. This falling off of the soluble potassium 
raised the question whether it would go into solution if we used 
carbonated water instead of distilled water free from carbonic 
acid, a condition that we had zealously observed. The proce- 
dure was not changed in any other respect. Four samples were 
selected that had given only small amounts in the regulary 
analysis. 


The original results were: 


10.8 and 9.2 p.p.m. soluble potassium 
7.6 and 6.6 p.p.m. soluble potassium 
With carbonated water these became: 
Zon and ly -6 psp. nt. 
16.5 and 14.0 p.p.m. 


The difference is over 100 percent. 


Our inference is that the fall in soluble potassium was due 
to the cessation of the active excretion of carbon dioxid by the 
crops. The falling temperature of the season would have had 
some effect in the same direction, as it tends to depress the 
evolution of carbon dioxid in the soil. The plowing up of the 
crops stopped the excretion of carbon dioxid and the cool weath- 
er tended to do the same thing. We expected a freeze in late 
September that would kill the alfalfa roots. We did not have 
a sharp freeze and the weather continued warm and the alfalfa 
continued to grow to an undesirable extent. 


The averages of all the potassium determinations made 
prior to 13 September, 1927, are given in the subjoined state- 
ment together with the averages of all determinations made on 
and subsequent to this date. The lower line in each case is the 
average of the later determinations. 


The changes in the west clover plot are uncertain, other- 
wise the results are decidedly downward. This will also be 
observed to be the case with the carbon dioxid in the soil atmos- 
phere. 
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TABLE 36.—Averages of Potassium Determinations Made on 23 September, 
1927, Compared With Those Made After This Date. 


WEST PLOT EAST PLOT 
0-6 In. 19-24 In. 31-36 In. 0-6 In. 19-24 In. 31-36 In. 
a NW! Gh UN ee oN Se | a ON ee ee 
O86 87.4 15.4 99.7 17.2 7.2 98.2 22.6 184 11.7 144 das 
Haliow 196 182 12.8. 148 149003.) O68 165) 9100) 7.6.0 0.samo 
44.6 38.8 31.1 23.0 18.9 17.0 17.4 23.7 13.4 41.0 18.1 33.5 
Clover 44:2 388 34.8 248 U7 G18 12 166 15,1 35.9 10.2 21.6 
955 39.0 27.38 73.3 20.0 60.0 54.6 39.9 35.6 30.8 18.5 16.1 
Alfalfa 17.2 29.0 20.0 60.8 16.7 45.7 41.6 28.5 36.5 21.9 18.3 14.4 


GREATEST CHANGE TAKES PLACE NEAR THE SURFACE 


The series of samples previously given were not taken to a 
greater depth than 36 inches. While changes take place to this 
and greater depths, the greatest changes are much nearer the 
surface. The exception to this statement is in the case of our 
west alfalfa plot which was unlike the other plots; it seemed 
to be anomalous. The rule is that the top 6 inches or even a less 
depth form the area of greatest change. To what extent greater 
depths are affected by the downward movement of salts, even 
of potassium, is an open question. With the exception of the 
one series the statement that the top 6 inches include the area 
of greatest change holds good but some changes take place at 
considerable depths. 


In our west fallow there is very little difference in the po- 
tassium present in the second 6 inches of the third foot in the 
south and north halves. There is one date, 3 June, when 37 
p.p.m. were found at this depth in each half. With this excep- 
tion, 24 p.p.m. was the maximum. The average soluble potas- 
sium at this depth in the west clover plot was 18.9 p.p.m. for the 
south half, and 17.0 p.p.m. for the north half or 18.0 p.p.m. for 
the plot. On 10 October, 1927, these two plots were sampled to 
a depth of 11 feet in sections of 1 foot each. The potassium and 
nitric nitrogen were determined in these samples and are given 
to show the distribution of these constituents. There are added 
to these the results obtained on composite samples from the two 
alfalfa plots in €-inch sections to a depth of 6 feet. These sam- 
ples were taken 13 October, 1926, when the alfalfa was stand- 
ing. These samples had been air-dried and preserved for a 


year, which probably increased the soluble potassium slightly 
but not materially. 
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TABLE 37.—The Distribution of Soluble Potassium and Nitric Nitrogen at 
Different Depths, 27 October, 1927. ; 


ALFALFA CLOVER FALLOW 
Potas- Nitric Potas- Nitric Potas- Nitric 
sium Nitrogen sium Nitrogen sium Nitrogen 
D:D: Ms Di Ds mM: [OS JOR eM IOs Jy hac joln Oe ae lay re), wale 
First 6 inches 47.9 6 Fourth foot a 2 9.1 6 
Second 6 inches (a Bis) 2 Fifth foot 8.1 2 7.4 6 
Third 6 inches 42.6 2 Sixth foot 6.2 ih 8.6 6 
Fourth 6 inches 23.9 2 Seventh foot 7.5 a 8.7 6 
Fifth 6 inches 17.2 1 Highth foot fig 4 12.0 6 
Sixth 6 inches 10.4 1 Ninth foot Bao is 5.2 6 
Seventh 6 inches 8.8 1 Tenth foot 16.0 18 13.9 5 
BHighth 6 inches 10.4 1 Kleventh foot lies 10 Neat 10 
Ninth 6 inches 15.9 1 
Tenth 6 inches 14.3 1 
Eleventh 6 inches 17.6 1 
Twelfth 6 inches 18.3 2 


DEVELOPMENT OF NITRIC NITROGEN AFTER PLOWING 


In earlier paragraphs we have given the nitric nitrogen in 
the alfalfa, clover and fallow plots for 1926. These series of 


TABLE 38.—Development of Nitric Nitrogen in ‘Cropped and Fallow Land 
After Plowing, in Parts per Million. 


ALPALEA 
1927 WEST PLOT 1927 HAST PLOT 
bepta v-6 In. 19-24 In. 31-36In. Depth 0-6 In: 19-24 In. 31-36 In. 
vate Ss N Ss N Ss N Date iS) N SS) N s N 
Za sept. 5 8 ie iene: 1 ‘ues Sept won si 1 1 1 if 
3 Oct. 6 14 2 2 2 1 8 Oct. 10 14 3 3 2 il 
14 Oct. 14 10 1 5 1 1 20 Oct. 14 26 6 5 3 2 
25 Oet. 14 14 2 5 2 2 28 Oct. 14 11 4 3 1 2 
1 Nov. 14 14 3 4 2 2 4Noy. 14 51 3 5 2 3 
8 Nov. 18 16 3 9 2 3 12 Nov. 29 22 5 3 2 3 
15 Nov. i4 19 3 6 2 5 TACO) aL ALE 32 8 3 3 2 
22 Nov. 27 29 3 3 2 2 28 Nov. 19 27 3 3 2 1 
a Se EOAGIE c @ \ yale i 
yo sept. 24 20 ce Cun ed 3 28Sept. 35 19 14 10 6 7 
3 Oct. 14 14 12 13 10 11 8 Oct. 6 16 19 14 6 9 
14 Oct. 17 18 18 17 10 10 20 Oct. 14 ila 14 10 14 6 
45 Oct. 18 19 14 15 12 1 28 Oct. 16 16 14 11 8 7 
1 Nov. 19 13 10 19 9 10 4 Nov. 16 14 14 14 7q 8 
8 Nov. 26 19 21 11 12 6 12 Nov. 30 21 13 14 8 10 
15 Nov. 29 19 18 18 14 14 18 Nov. 30 19 13 13 6 9 
22 Nov. 29 18 24 14 12 6 28 Nov. 19 14 18 14 11 14 
a - CLOVER - 7 
Zs sept. 10 i Soa Sian Cae eee eae 28 Sept. 12. 6 1 2 1 1 
3 Oct. 13 11 3 3 py 3 8 Oct. 10 6 3 3 2 1 
14 Oct. 14 16 3 3 1 2 20 Oct. 12 14 3 3 1 2 
25 Oct. 14 17 3 3 2 2 283 Oct. 14 1 2 6 6 1 
1 Nov. 19 19 3 3 2 2 i Nov. 19 18 3 3 2 2 
8 Nov. 24 27 3 3 2 0 12 Nov. 26 Be, 3 3 2 p) 
15 Nov. 27 35 5 3 2 2 18 Nov. 18 22 5 3 6 6 
22 Nov. 35 22 5 3 2 2 28 Noy. 138 22 2 2 1 2 
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samples were not extended into 1927 but on 23 September and 
subsequently till the end of the season, the nitric nitrogen was 
determined in the aqueous extract prepared for the determina- 
tion of potassium by the phenoldisulfonic-acid method as given 
in Bulletin 31 of the Bureau of Soils, U. S. Department of Agri- 
culture. This was done to ascertain how quickly and to what 
extent nitrification set in after breaking up the clover and al- 
falfa plots. The fallow was included for this is, in fact, our best 
criterion whereby to judge the effects of the clover and alfalfa, 
for here we have added no organic matter and any increase will 
be due alone to the changed biological conditions. In the clover 
and alfalfa an increase might be due, either mainly or wholly, 
to the food supply added. We expected to find a very decided 
increase in the nitric nitrogen in the clover and alfalfa ground 
because of improved conditions and because of the addition of 
nitrogenous matter in the crop plowed under. How soon and 
to what extent this increase manifested itself is shown in Table 
38. The date of plowing was 13 September. 


RATE OF NITRIFICATION AFTER PLOWING 


The table presents the rate of nitrification as affected by 
the plowing under of the clover and alfalfa crops and the plow- 
ing of the fallow. We have two composites of the soil for each 
of our six divisions of land, a total of 288 samples collected on 
16 dates covering a period of 60 days. The land had been in the 
respective crops for a little over 2 years from the spring of 1925 
till the fall of 1927. We had removed seven cuttings of clover 
and alfalfa and plowed under the eighth crop. The fallow had 
lain the same time and received no cultivation other than hoeing 
up the weeds from time to time. 


The nitric nitrogen in the first foot of the fallow land and 
also of the alfalfa plots taken in 6-inch sections in 1926 is given 
in Table 39 in p.p.m. We doubt whether the conditions are 


really comparable but we give the results to show how they com- 
pare. 


TABLE 389.—Nitrie Nitrogen in the First and Second 6 Inches of Fallow and 
Alfalfa Plots, in Parts per Million, in 1926, 
si ae “Fallow Alfalfa 5 
Date ae (ing (Siam, Uiny goes 
21 May BLO ii SEO) ne 
19 June 11.0 10.0 6.0 4.0 
27 June 12.0 8.0 8.0 5.0 
26 July 11.0 7.0 7.0 3.0 
27 August 12.0 8.0 9.0 3.0 
25 September 14.0 6.0 7.0 3.0 
14 October 12.0 3.0 6.0 2.0 


10 November 15.0 10.0 4.0 3.0 
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The alfalfa and clover land had received a very liberal 
green manuring and showed an increase in the nitric nitrogen 
present in the top 6 inches of the soil but it was not in excess of 
the amount present in the fallow to the same depth except in 
two samples and one of these is unusually high, 77 p.p.m., prob- 
ably accidental. The nitric nitrogen in the top 6 inches of the 
clover and alfalfa land increased several times in the 60 days 
from 23 September to 22 November, 1927, but it was low at the 
beginning and it did not exceed the amount in the fallow. There 
was no increase in the clover and alfalfa land below the 6-inch 
samples but there was some increase in the fallow, and the fal- 
low was high throughout the mass. While the clover and alfalfa 
carried only three or four parts per million, except in the top 6 
inches, the fallow carried around 14 p.p.m. It may be surmised 
that the decaying crop filled the soil with carbonic acid which 
may have hindered nitrification We have thought that this was 
the case, but we have no proof of this at all. The comparatively 
sudden fall in the amount of soluble potassium suggests a fall 
in the carbon dioxid and this is actually the case. 


THE BENEFITS OF AN ALFALFA ROTATION ARE Not DOUBTFUL 


The reader must not be tempted to doubt the value of al- 
falfa in a rotation in our farm practice. The only doubt is in 
regard to the explanation for these benefits that we have here- 
tofore offered, i. e., that it is due to the addition of available ni- 
trogen. It has been shown that the addition of nitrogen in 
a more stable form is really very small as the result of a 2-year 
rotation. The amount is equal to a dressing of from 2 to 4 tons 
of good stable manure per acre in the 2 years. Of available 
nitrogen in the form of nitric nitrogen it adds none; on the con- 
trary, it exhausts the soil almost as completely as a crop of 
wheat under which we have found less than one part per million 
of this form of nitrogen. The last table given shows that there 
is scarcely more than this under alfalfa except at the surface 
of the ground. The aggregate sodium nitrate corresponding to 
the nitric nitrogen found in 48 samples taken at three different 
depths, one-third of them from the surface, is under alfalfa, less 
than one-half as much as we find in the fallow land for the first 
60 days after the crop of alfalfa was plowed under. 

On the other hand we have seen that the potassium or the 
corresponding potash in the alfalfa ground shows an increase 
of 100 p.p.m. for the top 2 feet of soil over the fallow, a total 
of 800 pounds in two seasons; besides, we removed the crop that 
carried at least 400 pounds more, making 1200 pounds of potash 
(K2O) involved in the 2-year rotation. 
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We have tacitly assumed that because the alfalfa obtains 
a part of its nitrogen from the air through the good offices of 
the root bacillus, and because we have more nitrogen in the crop 
and soil together at the end than we had in the soil at the be- 
ginning of the season, we have therefore added nitrogen to the 
soil. The debris of the crop that is left on the ground repre- 
sents the only nitrogen added or even returned to the ground 
except as stubble. 

With the potash it is an entirely different question. The 
soil that we have to deal with contains a large potential supply 
of this which is made available by the action of the carbon dioxid 
excreted by the growing crop in far greater quantities than are 
necessary to meet the demands of the crop. This excess is rep- 
resented by the 800 pounds of increase in the top 2 feet of the 
alfalfa land over the fallow in 2 years. 


The fallow land is taken as representing the total activity of 
the soil population. Its activities were probably modified by 
the crops; the indications are that they depressed it. The crops 
were capable of furnishing all of the carbon dioxid found in the 
soil; the respiration experiments with clover and alfalfa roots 
and our field observations show this. 


Plowing the fallow land was followed by a decrease in the 
soluble potassium, also in the carbon dioxid; like results were 
observed in the cropped land, which is surprising as we plowed 
under a heavy growth of clover and alfalfa. 


After plowing, the nitric nitrogen began to increase in the 
top 6 inches of the cropped and throughout the fallow land to 
a depth of 3 feet. This was not due to a downward distribution 
of surface nitrates for there was not rain enough to bring this 
about and it did not occur in the cropped land. 


OBJECTS SET FORTH IN Part I 


We divided Part I of this work into two sections; the first 
was devoted to showing that the amount of carbon dioxide main- 
tained in the soil by such crops as clover and the grasses is suf- 
ficient to justify a further study of the amounts set free by 
wheat and alfalfa and a repetition of the work done on clover in 
corroboration of the earlier results. The second section was 
devoted to giving results obtained by experiments to demon- 
strate how effective this carbon dioxid, aided by water, may be 
in acting on the mineral constituents of the soil and whether it 
will work with or against the solvent action of the salts formed 
upon the soil particles themselves. 
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SOIL AGGREGATES PROBABLY Not ACTED ON 


It seemed probable that the soil aggregates were scarcely 
or not at all acted on in the sense that they suffered radical 
changes in their composition as they had probably already as- 
sumed a definite form under the soil conditions. We have in 
mind that these aggregates are the products of all the changes 
going on in the soil and have reached a comparatively stable 
condition for the soil in question. These aggregates contain 
components that they readily give up to the plants through the 
soil solutions whereby they become poorer. When these are ex- 
hausted, the soil is worn out. So far as this is the case it is 
equivalent to the statement that the soil solutions are in equilib- 
rium with the aggregates. This seems a simple, convenient and 
direct explanation, but when these aggregates have given up to 
the plants the elements that they need it does not follow that 
they cannot be replaced directly from the mineral particles 
forming the basis of the soil. We have shown by the action of 
carbon dioxid on felspar that this is actually the case. 


IMPORTANCE OF POTASH 


We believe that the claim made that potassium is more 
closely related to the volume of the crop produced than either 
of the other two elements usually considered in this connection, 
is correct and so far as the soil aggregates are concerned, the 
variation of this element, if we can determine this with sufficient 
accuracy, and we can, will aid very materially in judging of the 
changes that take place in the soil. 

In the second view, i. e., that the potassium is withdrawn 
from the aggregate but may be replaced by potassium derived 
from the mineral particles, which determine the supply, the 
equilibrium is ultimately with them. The second section of Part 
I established in another form, what our natural mountain waters 
everywhere show, i. e., that water and carbon dioxid break up 
the felspar with the elimination of potash in the form of carbon- 
ate to a greater degree than any other component, often almost 
as freely as all others taken together. The data given in this 
connection are conclusive regarding the adequacy of this agent. 
to bring about the soil conditions that we have to deal with, and 
to produce the changes that we have to consider rapidly enough 
to answer all of our questions in regard to the potassium. 


POTASSIUM AND NITROGEN PRESENT DIFFERENT PROBLEMS 


The potassium and nitrogen present two very different 
questions. The carbon dioxid in conjunction with water is 
strongly enough acid to eliminate potassium from the rock par- 
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ticles, the sole source of a new supply, but there is no such sup- 
ply of nitrogen. The medium through which an increase in this 
is brought about is through the direct or indirect agency of liv- 
ing organisms. The direct agency of these organisms in pro- 
ducing the nitrates found in our soils is evident and it operates 
on an important scale. While the carbon dioxid is the chief 
agent in preparing the potassium in the soil for the use of plants, 
its effect upon the production of nitrates in the soil is to de- 
press it. 


RELATION OF ALFALFA TO NITRATES NOT CLEAR 


The relation of our alfalfa crop to the nitrates in the soil 
is perhaps not very clear but there is no question about the small 
amounts of nitrates present in alfalfa soils. They are always 
very low and the carbon dioxid is always very high as the suc- 
ceeding portion of our work will show. We believe that the low 
nitrates are due to their depression rather than to their ex- 
haustion from the soil by the growing plant. It would be very 
interesting to know how much of its nitrogen alfalfa can and 
does obtain from the atmosphere. The fact that it gets, or may 
get some of its nitrogen from this source leaves us in doubt about 
the cause for the small amounts of nitrates found in soils occu- 
pied by this as a growing crop. 


This uncertainty does not obtain in the case of grains. We 
have seen that at the time of harvest the nitrates under wheat, 
and the same is true of oats, are equal to only a few parts per 
million, from none to two or three parts. After harvest, the gain 
is, at first, very slow and though the rate increases it requires 
several months for the land to regain as much as it had before 
the crop was planted. In this case the supply of the nitrates 
was not- only exhausted but there was a tendency toward sup- 
pressing the process of formation. We believe that the subse- 
quent presentation of the amount of carbon dioxid given off by 
the growing wheat crop will fully account for this, and both clov- 
er and alfalfa act even more energetically in the same manner be- 
_ cause they do continuously, from early spring till in the winter, 
what the wheat does for the first few weeks of its active growth, 
namely, they flood the soil with carbon dioxid and continue to 
do so on a moderate scale through the winter till the succeeding 
spring when the same cycle is repeated. 


SOME DIFFERENCES BETWEEN WHEAT AND ALFALFA 
In regard to depressing the formation of nitrates the crops 
are alike in their action except that the clover and alfalfa are 
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active throughout their lives, which in the case of the alfalfa 
may be for many years while the wheat is very intense for a 
few days. This is the way the wheat acts and we believe that it 
is the same in the other cases. Their reaction upon the soil in 
regard to potassium differs in that the question is simply a 
chemical reaction and not one developing upon living organisms 
which may be partially or wholly destroyed. Some of the bene- 
ficial organisms may re-establish themselves and possibly show 
greater vigor than before they were depressed. In this matter 
the course of affairs may vary in all sorts of measures depending 
upon the competition offered by other organisms, the tempera- 
ture, moisture, sunshine, vigor and degree of maturity of the 
growing crops. 

The wheat plant as it approaches maturity reaches a maxi- 
mum intensity in its production of carbon dioxid which abates 
rapidly as maturity advances. This is the case too with the 
clover and alfalfa but these crops provide for the production of 
new plants and we change the course of affairs by cutting the 
old growth, by irrigating and forcing a new growth, when they 
again fill the soil with carbon dioxide. At the end of our work 
it appears that we might have made an interesting variation 
in our experiments by allowing a part of our crops, the clover 
for instance, to ripen just as the wheat ripened and recorded the 
results. We did not do this but we observed that when the 
clover came into bloom and stood a little longer there was a fall- 
ing off in the carbon dioxid. This was very marked. The same 
occurred in the case of the alfalfa. This point is probably a fixed 
one for each plant and is so sensitive that slight differences in 
the time of irrigation express themselves in the time of this 
falling off in the carbon dioxid, due to its influence upon the 
development and maturation of the plant. 


MATURING AND CUTTING OF ALFALFA AN IMPORTANT FEATURE 


In view of this deportment of the plants, the cutting of 
clover and alfalfa is an important feature in the rotation. 
Our cutting and irrigating of the crops is in imitation of farm 
practice which is governed by the quality of hay desired as well 
as the quantity gathered. The practice is comparatively uni- 
form in this section, three cuttings with always two and some- 
times three irrigations. The plants reach a maximum of growth 
and these tend to ripen whatever the conditions may be. New 
plants may grow but the old ones go down. The wheat has only 
one period of growth and when maturation sets in, the process 
continues till the end and no new plant takes its place; this is 
its end. 
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It gives off carbon dioxid abundantly till this maturing 
period arrives when the carbon dioxid begins to fall and con- 
tinues to fall till the plant is fully ripe. In our practice we cut 
alfalfa at the beginning of this period, just at the time this na- 
tural falling off in the carbon dioxid begins. We do not know 
how far it would go if no second growth should appear; it 
would probably not become zero so long as the crowns and 
roots retain their vitality. The cutting in this case does not 
induce the falling off in the development of the carbon dioxid, 
but by hastening a second growth, brings about a further pro- 
duction of it. If we cut the crop before the period of maturation 
sets in, we stop the activities of the plant before provision for 
the second growth has been completed, and we change the order 
of events in an important manner. In this case the cutting 
actually causes the falling off in the carbon dioxid by removing 
the aerial portion of the plant and this lengthens the period 
between the cutting and the production of the second growth. 
In this case there is more time given for the carbon dioxid to 
fall. In our preliminary series it fell below the amount present 
in the fallow ground on the same date. We tentatively inter- 
preted this as showing that the activity of the soil population 
was strongly depressed, at least, it was not as efficient in the 
ground planted to clover as in the fallow. The difference in 
the results obtained in our two series is wholly due to the fact 
that in the preliminary series we cut the crop several days 
before it had reached the point where vegetative functions cease 
and ripening begins; this point is very definitely indicated by 
a falling off in the carbon dioxid in the soil air. 


THE EFFECTS OF THE NEW GROWTH 


This change in the clover and alfalfa is accompanied by a 
provision for another vegetative period and new shoots begin 
to be thrown out at the crown of the plant. The ripening may 
go on but the plant provides for a new growth. This point is 
observed by the ranchman in judging when his crop should be 
cut and gotten out of the way lest he suffer both inconvenience 
and loss. There is an overlap in processes, the dying of the old 
crop and the growing of the new crop. When we cut our clover 
in a state of immaturity we anticipated the second process by 
enough to avoid the overlap that takes place when we cut the 
crop just after the point of maturity has passed. It is probable 
that our field practice of cutting alfalfa just after maturity 
interferes very little with the natural course of development. 

In our preliminary series the method of irrigating was 
garden and not field practice. While this did not give us the 
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order of things as they occur in field practice, it is not to be 
regretted, for it probably gave us a clearer picture of the develop- 
ment of the plants than we get when it is involved by questions 
of the effects of irrigation. We have observed that these crops 
are exceedingly sensitive to the amount of moisture at their 
disposal. This period of maturation is a critical period in the 
history of the plant; it is finishing one of its phases and is 
preparing to renew its growth. The ranchman realizes this 
When an inopportune rainy season intervenes at this period. 
Then the hay crop and the second growth interfere with one 
another. 

Our field practice is to let the crop stand till the ripening 
period has set in, when it is cut and irrigated very shortly after 
the crop has been removed. During this period the carbon dioxid 
is low but begins to rise immediately with the growth of the 
new crop. Alfalfa, which is our cultivated hay crop, is ex- 
tremely sensitive to water, rain or irrigating water, during 
its whole life. A comparatively light rain will cause it to grow 
more rapidly and every change in its rate of growth is accom- 
panied by a change in the amount of carbon dioxid evolved. 


We have not mentioned the effects of temperature but this 
too is important. Alfalfa during its growing period responds 
promptly to any change. A few days at 60° F. after a period of 
70° F. will be accompanied by a depression of the carbon dioxid. 


I do not know whether or not wheat during its growing 
period is as sensitive to these factors as the clover and alfalfa. 
The plants are different—the wheat provides for the perfecting 
of its seed. This is its sole object and it makes no provision for 
its continuance by any other means. The parent plant fulfills 
this purpose and dies. This is the end of its activities; it cannot 
repeat the process as the clover and alfalfa can. During its 
life time the wheat tends to produce the same results as the 
clover and alfalfa. Its period is short and it is probably not 
able to supply its own needs but requires that these be prepared 
for it. It showed a reduction of the soluble potassium below the 
amount found in the check plot. We do not know how much this 
signifies for we do not know that the amount of soluble potas- 
sium remained stationary in the fallow plot. If it changed it 
was probably upward as there was a moderate and constant 
supply of carbon dioxid and no plants except the soil popula- 
tion itself to use it up or to render it insoluble. 


Any factor that promotes the growth of the plant will 
increase the carbon dioxid and any one that checks the growth 
will cause a downward variation in 1t. When maturity is reached 
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the carbon dioxid falls and unless new plants are produced it 
will continue downward as in the case of the wheat. 

This harmonizes with the data given in Bulletin 319 with 
the observations of our field practices. The former observa- 
tions were made on growing, immature plants, the latter on ma- 
turing ones. The change from an increasing to a decreasing 
plant is marked by a decreasing amount of carbon dioxid in the 
soil atmosphere. If we make an artificial change by cutting 
the plants before the period of ripening has begun, we bring 
about a fall in the carbon dioxid before the plant has made 
its preparation for the new growth. This allows for a period 
of very low carbon dioxid during which, according to our pre- 
liminary observations, it may fall as low under clover as in the 
fallow land. In this case the fall in the amount of the carbon 
dioxid was due to the cutting of the plants and not to a natural 
maturing process as takes place in our general field practice. 

The water supply immediately after the cutting will greatly 
influence the promptness and rapidity of accumulation of the 
carbon dioxid again. We cannot lay too much stress on the 
effects of the water supply. If this is lacking, as in the case of 
uncultivated and unirrigated alfalfa plants, they go to seed 
and subsequent growth is far less vigorous or absent. The 
plants do not die but under these conditions their season’s 
energies are represented by the one crop of seed. 


In Part I, second section, we give the effects of carbon 
dioxid on both the felspar that is abundant in the soil experi- 
mented with, and on the soil itself. The efficiency of carbon 
dioxid in bringing about the liberation of potash from these 
sources was demonstrated; besides, the mountain waters demon- 
strate the same thing. It remains to be shown that clover and 
alfalfa produce enough of this agent to bring about the changes 
claimed, i. e., to set free from the felspar and soil, quantities 
of potash, larger than they use in their own growth by 100 
pounds per million pounds of soil in 2 years. This is given for 
the top 2 feet of soil but the carbon dioxid is very abundant 
at greater depths under alfalfa. 


0°S9 69 SPs, ELE SPE Gés 189 1S, LLS SLI Té 
6° EF 9°99 See 9°79 G 0s 6 8¢ LCs 8°06 L8F 1&6 6 9S FOL T¥9 LoL 556s G'3s “él 0€ 
9°¢S 689 0&9 1°99 97S L§S 6 SF ES 8 1e SLE G08 Cees Ege) eo 9GL 16S EES LOL 66 
9°SP 6 L9 0°99 eth ¥ 69 8.35 Laelia eee 6 GF L6L 8°6& 9°6E BCE e OL LL aes); LLg SEES L0G é 
Laas 89 ¥°69 0°€2 16S G19 L9& VLG 8 FE age FOP €°9S L'8F 9°TL 6°89 8°02 PLS 9°CE 6°96 LG 
GIs 6°S9 ogg 86h O19 O09 o OF 8 SE LT6 CFE 6° CF Tres Siete 6 TL € 9 6°L9 * 48 8 ce G92 é 
T6€ G L9 G &9 0°8S SKS eke 8°08 8°86 “éL 6 FF 8°6¢ 6°9E 2°89 1°99 609 6°¢9 9°6F 166 SZ 
LS TS9 899 ORES) G SP Si66 PLE 0°86 sg 6°SF GLP G6 9E 8°89 9°F9 9°09 org LS? L8é FG 
G&G 0°09 9°89 PEs O°8F 950€ 6°8E L6G L0G StF Go Sé Lg ee) 669 F°09 cane O°9F Tog 2G 
9°6S BBS) Eg) F193 FOF GLE 9°8é SSH 9 TE OSE GF ¥ 9 GL9 (OSE) $09 o1T9 40S GSP Ge 
T6s G79 8°89 69 [teks L8t 6 8F 1 &6L G66 LES #69 Lg 8°09 Sigs rT9 F0S T6é G 
G 6F 8°99 9°19 0°8S 0°8 OLP 8° LG 196 8&6 6 OF 6°29 € 79 FOL CS TES 67S @ SF 0G 
aS ¥ 09 9°TL G LS VE tele SaL¥ 6° 0€ Os TLE 9°6F ¥ 9S 9°29 Léh 6° F9 6 FS ois SSF 6. 
Gus 9°6¢ G&L ¥'8S 6°97 G08 L°86 8°86 G6 OTE 61S GLg Hoo $02 @ 19 ES Tees LL¥ 8T 
8°19 619 £69 9°9 9°99 O° FP T6¢é gE PPG OLE 8 Se 89 O19 9°79 9°69 G°gs 8°sS 6°8¢ 9°8F LT 
07eg @ 09 9°79 0°ss 0°99 8°9E Jee 9°6§ 8 Sh 6 GG 8°8é 06S 69 “O9 ESL erg GES Sirs SsF 9T 
6° F9 ¥°99 FL9 6°LS ¥ 9S 9°86 LOF Gus £66 0 oTy 69S 2S9 G99 GOL 0°99 Sos SES 8G of | 
L $9 269 0&9 OES E YS BLE G Sh GL? € OL i VP F'0S 6°69 169 6°L9 €'6S 0 6F ES? 9 CE FI. 
$69 G¥9 0°19 G OF Sa6S Shits L'6& LLG 9 FT = FOF 0°sS 8°09 6°F9 O°OL 66S OS LF G‘9F eo LE ra 
¥°89 6&9 G69 9°LP Gh Oke 6 S& Ones 0°SG 861 gel 6° 8F GLP 9°FS 0°29 FOL 9 F9 OLE OF OTF él 
L189 8°L9 6°89 L +9 9°0S 9°95 0°66 9°F6 8°&E 6 FE 6° EF 16S 0°29 STL ES9 E39 O°SF Get 6° OF a 
0°69 oo GTL L°g9 9 7F TP VLG Pod 0°S¢ {06 9°6E G'6S Sieg €°L9 SE 6°S9 9°6F St OLE OL 
VOL y&9 tel G2 G LL 9°CF é Lg 9°66 6S BLE 8ST 6 FE SHIGE, a 19 8°68 G9 1 S9 0°6F 8 rE 6°68 6 
699 8°LS 9°02 6°99 v VP [0S TTP JESSE leks 9°96 6°98 8S 109 6°89 ySg 8 F9 8° 9F a Sh Sos 8 
SCE ¥°L9 FOL 9 69 Gos iad oTé 6 LE girs Ltr Lag 8'F9 0°89 FOL 0°19 L0S Sc SLE L 
ras) P69 0°69 Es) 6 Lg L0G OE Eke V9 o°FE Lor 0°sS OTS #99 See 6°99 ots GbE 196 M) 
£19 ¥'89 0°69 v&S ¥ 0S Gor L'9§ 9°LE LP 6°95 SPF &' LP G19 9°GL a Lg rs9 ess JES FCF S 
8°99 Seo ee 9°6S PSG 9°6h 9S 0'0P Sep 91S PSs S6P 0'8¢ 8°0L rag FC9 T6S PSP F6E ui 
9°49 0'F9 8°89 8°LS PLY 91S 1°S§ G'°8s 0°SF POF 6 0E 8'FS ¥°09 L°§h TL9 SLs 09S SOE 9°OF § 
¥°S9 69S T'89 69S G39 Los TSG 686 0°68 6°GI 698 0°ss Egg COL T'89 £89 T8¢ SFG £6E G 
0°99 6°19 O19 T8o G°8g 9° $F 61 She S°8e 9°8& GLE es cid tL a G2 989 Pgs G°6¢ 6 9€ I 
‘ydeg ‘sany aunt APIN ‘Idv “ICI “qo “UBL yal “AON "190 qydeg «any Ayu oun ACT “adv “IRI 978 


Aqne 


aTQuaLLy, 


“* 


« 


{ 


“ATA 


Aq poystuangy 


OATISNOUT 


1261 ‘“loqwuoz dag OF ‘976, ‘Your WoOagq Seinjetsdweay ATTeq ueay_{— oF ATV 


106 COLORADO EXPERIMENT STATION Bulletin 362 


TABLE 41.—Soil Temperatures. 


Date ALFALFA FALLOW WHEAT 
1926 121m. Ws Iny 43 in. 12 Im. 28iIm. 48 dn: 12 Ine “13 In. 7 eS, 
24 May 54.5 53 35 66 65 57 62.5 61 52 
27 May 55 53 35 64.5 63 58 62 61 51 
1June 56.5 54 37 61.5 61 59 61 60 broken 
4 June 57 56 38 68 66 57.5 63 62 
9 June 58 57 39 70.5 68.5 63.0 65 64 
14June 58.5 58 40 67 67 63 63.5 63 
17June 58.5 58 40 65 65 63 63 63 
Zi June 57.5 58 40 67.5 67 63 2.5 65 
24 June 60.5 59.5 40.5 70 68 64 63.5 63 
26 June 62 61 40.5 69 68 65 63.5 63 
29 June 67 66 43 74.5 13 66 66.5 66 
2 July 67.5 66.5 44 74.5 73.5 66.5 67.5 66.5 
6 July 66.5 66 46 73.5 73 67 67 66 
10 July 63 63 46 67 68 67 65 65 
13 July 64 63 46 71.5 70 67.5 65.5 65 
16 July 64 64 46 12 71 68 66.5 66 
20 July 65 64 46 76 14.5 a 68.5 68 
23 July 63.5 63 46 13 12 69 67 66 
28 July 63.5 63 46 75 73 69 68.5 66.5 
3 Aug. 64 63 46 77.5 76 70 al 69 
7 Aug. 63.5 63 46 72.5 76 70 68 68 
11 Aug. 64.5 64 47 73.5 72 71 68.5 68 
14 Aug. 67.5 66 48 14.5 73 71 70 69 
19 Aug. 66.5 66 48.5 73 72 ail 69 69 
24 Aug. 67 66 48 broken 73.5 71 72 71.5 
27 Aug. 60.5 66 49 76 iD 74.5 74 
31 Aug. 66 65.5 49 76 73 15 74 
EF sae My : a 45.5 66 68 66 65 
2 “pt. a 56.5 43 65 66.5 62 64 
1 Oct. 56 56.5 43 61 64 58 60 
7 Oct. 55.5 55 43 58 63 57.5 57 
14 Oct. 54.5 55 42 59 62.5 51.5 58 
19 Oct. 54.5 55 42 59 62 59 58.5 
27 Oct. 55 50 40 54 60 54 54 
5 Noy. 41 43 35 43 55 42 43 
12 Nov. 41.5 41.5 33 43 51.5 42.5 43 
. es ste 38 31 39 50 38 39 
24 Nov. 36.5 37 29 38 49 38- 38 
3 Dee. 37.5 37 28 39.5 46.5 38 38.5 
11 Dec. 36.5 37 27 37 46 37 37 
20 Dee. 33.5 Toolow 28 Toolow 48 33 Too low 


27 Dec. 31 Too low 42 29 
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Table 41.—Soi! Temperatures. 
Date ALFALFA FALLOW WHEAT 
1926 12In. 18In, 48 In. inal, aki, 2S gat, 12In. 18In, 48 In. 
G27 
> Jan 32 40 32 
12 Jan 31.5 40 31.5 
20 Jan 30 40 30 
28 Jan 30 39 30 
4 Feb 31 40 30 
11 Feb 31 39 30 
18 Feb 3 38.5 Oey 
o Mar 32 Twolow Toolow Rroken Too low 38 Sai 34 broken 
14 Mar 35.5 35 35 40 36 Be 
23 Mar 34 34 33 39 34 33 
31 Mar 2S) 40 40.5 42 42 41 
8 Api 48 46.5 49 46 49 48 
15 Apr 40 40 40 46 39) 40 
23 Api 43.5 43 43 45 44 42 
2 May A2 50 56 inal 58 55 
10 May 48.5 48.5 51 53 50 ile 
16 May 52.5 51.0 59 5d: 9-0 57 
22 May 54.5 53.5 65 59 63 62 
31 May ay! 53.5 63 59 60 i) 
6 June 54 54 60 60 59 58 
13 June 55 54 61 60 59 60 
20 June 57 56 64 61 63.5 62.5 
27 June 60 59 (Gl 64 70 69 
5 July 68.5 68 75 66 (f3) 72 
11 July 68 68 13.5 69 70 70 
18 July 66.5 66 74 69 70 70 
25 July 65.5 65 74 69.5 69.5 69.5 
1 Aug 66 65 70 68 66.5 66 
8 Aug 66 66 69 68 64.5 64.5 
15 Aug 66 66 68 68 64.5 64.5 
22 Aug 64 64 71 68 63.5 63 
29 Aug. 64 64 72 69 64.5 64 
1 63.5 63 (Ol 70 64.5 64 


2 Sept. 
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TABLE 43.—Parts Carbon Dioxid in 10,000 Parts of Soil Air in Experimental 
Corrected to 0° and 760 mm. 


Plot from March, 1926, till September, 1927, Inclusive. 


Depth 1926 Dates of collection of samples 
Crop Inches No. 3/1 3/8 38/15 3/22 3/31 4/6 4/10 4/19 
nD Chi os 32.51 25.78 27.64 30.72 47.81 46.80 41.76 
Alfalfa 18 2 52.50 50.26 53.27 54.50 53.90 56.04 79.57 113.26 
30 3 48.55 49.45 37.42 40.56 52.57 49.23 65.69 19.17 
6 6 12.44 Gaeit 9.30 7.62 4.56 9.19 10.37 15.39 
Fallow 18 5 21.03 12.35 17.09 12.96 9.18 9.19 20.74 21.55 
30 4 25.68 24.72 26.17 24.83 21.67 21.14 23.81 30.06 
6 8 11.66 10.78 8.49 CROMER 13.01 16.11 20.27 
Wheat 18 7 21.97 15.39 18.55 16.77 14,44 21.40 25.30 22.60 
30 9 22.53 20.04 15.34 23.64 22.94 25.23 26.19 19.48 
< 6 10 20.94 18.51 13.80 13.72 19.11 25.98 34.19 34.35 
Clover 18 11 44.16 43.85 39.75 48.11 35.14 48.00 53.68 17.02 
30 12 57.29 52.79 43.54 54.52 51.95 47.96 56.71 77.68 
6 16 23.99 27.76 15.27 20.46 27.89 32.74 44.51 48.00 
Alfalfa 18 17 54.17 55.37 45.80 48.37 55.81 54.73 65.7% 94.86 
30 18 55.62 52.88 47.30 55.15 51.60 55.11 65.81 86.87 
6 19 19.31 8.81 7.63 10.03 3.07 9.52 16.80 lee 
Wheat 18 21 22.45 18.10 19.77 20.88 16.11 21.96 31.74 25.20 
30 20 23.98 29.79 Pail i ee 23.78 25.17 30.60 35.68 
6 24 11.60 7.62 9.10 6.59 7.68 7.75 10.64 18.15 
Fallow 18 23 20.12 13.73 15.18 19.30 16.50 19.39 22.06 22.85 
30 22 23.21 19.08 18.57 19.33 14.57 29.45 22.86 23.25 
6 25 29.30 16.75 22.76 11.58 16.12 30.62 38.10 41.19 
Clover 18 26 38.45 vera 38.59 39.78 38.37 39.51 49.62 68.51 
30 27 39.39 42.62 33.44 39.34 50.63 45.25 48.73 71.94 
Air 1.56 3.84 5.37 4.57 6.16 
Depth 1926 Dates of collection of samples 
Crop Inches No. 4/26 4/29 5/3 By AT 5/12 5/17 5/20 5/24 
6 1 71.20 95.27 68.31 52.08 58.83 66.06 56.37 60.71 
Alfalfa 18 2 161.08 165.33 177.63 146.62 155.58 131.67 118.18 112.19 
30 3 116.36 158.74 157.55 148.10 128.72 152.34 181.17 107.59 
6 6 19.87 Dine 18.73 24.78 een 23.69 17.10 29.75 
Fallow 18 5 25.23 28.71 42.09 36.63 42.37 36.28 35.36 50.29 
30 4 35.15 38.69 33.77 44.29 46.18 41.27 43.36 43.54 
Goa 8 38.15 49.14 34.74 35.64 30.38 42.41 34.57 24.53 
Wheat 18 7 32.49 58.74 53.46 OP a7) 40.09 49,27 51.30 -66.09 
30 9 35.22 51.23 50.08 54.35 45.35 53.14 56.15 59.23 
6 610 66.50 81.85 60.74 47.02 43.01 39.00 41.72 44.97 
Clover 18 11 127.57 106.70 116.97 100.96 98.17 103.96 86.87 89.56 
30 12 126.66 102.94 113.92 115.83 110.89 107.71 110.01 93.02 
ra WR Nae 61.65 69.12 72.94 71.55 61.42 55.63 
Alfalfa 18 17 141.90 162.37 181.95 164.12 159.86 141.24 161.78 128.88 
30 18 112.56 118.92 150.24 144.42 164.73 164.89 162.47 141.08 
Gnome 2200 45.14 38.04 38.55 45.35 42.31 28.43 27.46 
Wheat 18 21 48.55 46.69 51.21 56.86 60.91 38.90 39.67 60.16 
30 20 44,75 55.56 48.65 59.74 51.47 48.88 57.63 64.87 
ht aa 25.42 17.04 26.32 17.44 23.47 18.57 17.14 
Fallow 18 23 43.27 32.62 38.70 40.45 26.41 40.47 45.58 33.10 
30 22 27.85 33.47 33.40 45.03 44,32 39.67 30.64 35.78 
6 25..«23:7.78 39.07 33.65 31.29 26.66 41.53 34.75 30.46 
Clover 18 26 80.41 76.29 113.79 97.71 82.49 SAG Ames un eee 78.33 
30 27 96.22 111.00 106.49 116.04 103.28 101.51 100.89 107.17 
Air 5.77 8.37 6.42 none 6.90 none 7,98 6.84 
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TABLE 43—Continued 
Depth 1926 Dates of collection of samples rs 
Crop Inches No. 5/27 6/1 6/4 6/9 7 6/14 6/17 6/21 6/24 
6 1 52.62 52.87 65.92 69.06 103.89 106.14 96.83 67.02 
Alfalfa 18 2 107.97 154.11 173.94 173.94 172.56 226.55 229.52 218.84 
30 3 114.25 154.58 203.82 213.90 216.98 225.99 294.02  211°08 
- 6 6 22.78 24.88 ES ee © Sepa 44.79 23.00 22.45 
Fallow 18 5 43.63 37.48 55.07 61.28 OTB, Salle 59.30 59.57 
30 4 53.47 39.45 48.55 52.89 64.90 65.82 59.30 66.52 
6 8 35.08 91.14 92.18 60.02 90.50. 144.70 71.44 64.19 
Wheat 18 7 68.27 32.038 157.02 146.84 136.70 171.25 166.72 140.73 
30 9 10.73 94.938 123.67 152.24 150.02 167.20 190.24 140.73 
6 10 Beal 77.34 62.96 51.25 69.77 97.85 38.98 38.69 
Clover 18 11 78.23 92.63 113.48 110.93 113.32 140.48 128.25 114.09 
30 12 109.98 110.19 134.138 141.81 148.16 148.93 158.74 141.47 
6 16 62.23 95.59 100.38 81.46 140.51 158.85 151.52 113.97 
Alfalfa 18 17 129.00 Tia? ORR OG © fee 248.40 264.19 246.37 
30 18 160.46 150.00 172.33 180.50 188.48 215.45 250.87 217.53 
6 19 37.43 91.00 88.46 59.82 96.79 162.63 66.92 46.34 
Wheat 18 21 67.90 133.87 145.79 143.87 139.01 166.50 168.12 134.09 
30 20 60.28 93.80 130.12 145.07 154.29 166.50 177.89 191.54 
6 24 18.43 26.25 27.47 23.00 30.67 44.05 24.11 23.25 
Fallow 18 23 46.12 30.13 52.64 59.78 41.81 46.40 56.77 61.88 
30 22 38.11 40.97 41.61 63.23 43.66 46.02 59.13 64.13 
6 25 46.85 89.57 47.28 26.03 66.77 75.27 49.00 43.36 
Clover 18 26 72.16 110.63 118.19 107.14 99.58 120.22 99.94 104.14 
30 27 98.55 Or ey SIBEED RY SIRI) GIN aI TBE! 
Air 3.83 3.85 3.07 9.18 none 6.16 1.94 2.33 
Depth 1926 Dates of collection of samples 
Crop Inches No. 6/26 6/29 7/2 7/6 7/10 7/18 7/16 7/20 
6 1 84.11 97.03 60.94 81.72 73.91 96.91 114.22 99.01 
Alfalfa 18 2 211533 3 ed 2.4 Seo GeO Rm 00.8 014.729 7S 9296) OSS) 3 See 
30 3 223.08 223.42 223.66 188.67 192.60 261.14 260.56 263.41 
6 6 20.13 29.97 24.10 36.00 52.56 52.70 52.12 34.61 
Fallow 18 5 51.54 61.86 58.94 57.54 53.70 58.85 57.08 60.05 
30 4 59.64 64.93 60.12 74.83 68.03 71.48 65.93 75.74 
6 8 28.97 40.34 30.58 RMS eee 102.62 102.61 44.75 
Wheat 18- 7 139.56 131.09 112.49 97.66 101.21 142.64 146.09 126.12 
30 9 148.30 147.58 133.07 115.86 181.84 145.98 143.73 147.54 
6 10 37.05 33.79 39.37 EME SP. WAN cen. 51.71 
Clover 18 11 104.98 108.35 114.64 112.08 110.28 169.10 173.67 162.27 
30 12 135.08 187.16 142.17 188.15 155.69 177.47 189.88 197.55 
6 16 99.96 86.33 77.55 85.15 86.02 144.08 130.88 103.31 
Alfalfa 18 sy 228.31 246.33 244.33 217.43 218.25 257.49 260.18 261.34 
30 18 239.51 245.64 252.62 246.76 232.89 255.79 266.17 268.39 
6 19 51.69 50.59 30.55 33.35 100.97 131.24 76.88 54.72 
Wheat 18 21 119.57 122.52 107.69 78.77 98.98 188.23 135.51 120.26 
30 20 162.77 154.78 149.68 130.32 146.33 146.69 148.27 150.68 
6 24 20.82 21.41 22.97 21.92 53.89 34.51 28.18 35.35 
Fallow 18 23 50.15 62.03 59.76 51.40 52.73 55.60 45.00 83.76 
30 22 62.50 70.82 68.74 71.81 75.84 57.51 68.76 92.16 
6 25 36.21 35.17 36.75 51-40) 129577 113182 77.68 60.63 
Clover 18 26 102.85 103.55 105.66 118.52 120.79 172.48 178.21 151.07 
: 30 27 122.45 184.76 183.97 185.75 128.50 157.08 175.67 167.10 
Air 5.35 10.33 3.78 6.17 6.89 aie oo cae 
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TABLE 48—Continued 


Depth 1926 Dates of collection of samples 

Crop Inches No. 1/28 7/28 8/3 8/7 8/11 8/14 8/19 8/24 
6 i 70.83 70.89 81.63 92.21 118,22 89.72 58.54 46.57 

Alfalfa 18 2 229.34 220.56 196.71 195.77 199.08 191.97 185.80 154°70 
30 3 237.55 214.43 232.70 232.76 211.65 171.26 174.89 168.49 

6 6 35.88 36.85 40.00 38.42 30.74 31.46 21.12 13.18 

Fallow 18 5) 57.88 61.77 61.54 61.49 61.53 62.93 57.62 58.11 
. 30 4 74.46 83.44 81.59 84.55 86.19 70.07 72.25 (850083 

6 8 36.16 33.67 lost 22.25 26.07 23.78 21.49 22.79 

Wheat 18 if 112.83 96.08 84.62 84.39 67.09 65.23 57.15 58.39 
30 9 137.71 117.51 115.66 99.41 97.32 89.99 78.06 81.92 

6 10 50.84 48.49 42.24 60.61 46.94 47.45 39.56 31.08 

Clover 18 11 128.89 181.61 117.95 113746 Liss 869 93.64 91.19 
30 12 187.62 172.98 164.57 157.08 154.27 1538.19 129.88 124.90 

6 16 90.14 KiNG Sie eee 82.32 Sffod yd 87.71 60.42 46.48 

Alfalfa 18 17 251.18 252.58 197.00 209.14 195:15 192.16 184.33 174.61 
30 18 250.42 254.88 257.02 262.29) 248.515 218555 223.20 206/62 

6 19 37.72 38.43 28.02 40.33 48.58 30.85 19.89 21.55 

Wheat 18 21 113.85 94.22 84.85 82.47 58.96 60.02 50.40 44.66 
30 20 149.74 125.91 123.62 5) 9 1 eel OE Oem Lie ae 99.31 88.41 

6 24 32.17 24.84 21.48 36.05 34.63 23.80 20.19 13.74 

Fallow 18 23 57.48 58.85 45.29 47.59 46.17 48.77 42.76 48.38 
30 22 78.61 82.67 87.05 76.80 70.44 73.87 12.00 67.02 

6 25 49.81 48.17 26.09 42.16 50.02 49.85 30.66 39.32 

Clover 18 26 130.95 119.81 105.58 96.63 106.55 95.83 80.77 82.38 
30 on 157.02 145.69 145.45 128.12 138.42. 120.23 112.18 107.47 

Air 9.20 8.40 8.42 2.70 6.92 7.65 Orow 15.64 

Depth 1926 Dates of collection of samples 

Crop Inches No. 8/27 8/31 Wy 9/18 9/24 10/1 10/7 10/14 
6 1 52.15 65.49 84.26 74.48 56.91 44.26 37.14 26.91 

Alfalfa 18 2 151.64 152.03 174.38 251.6% 122505 113-10 94,54 87.66 
30 3 ATT 196 169091 187 a0 180.89 169.388 123.21 98.14 95.62 

6 6 13.38 25.49 22.96 18.33 20.14 16.91 27.96 23.04 

Fallow 18 5 58.85 60.57 50.74 45.55 45.91 43.14 42.66 31.94 
30 4 74.23 77.28 70.11 60.75 66.29 69.25 66.36 66.13 

6 8 32.10 21.96 29.80 28.17 32.48 17.06 12.99 alaleayl 

Wheat 18 7 65.81 64.09 48.93 49.54 41.79 38.44 38.14 28.05 


78.50 79.08 76.32 70.03 60.88 57.06 51.08 51.35 


6 10 29.05 35.14 64.83 60.10 39.65 30.94 27.82 17.62 
Clover 18 102.48 109.79 109.96 110.19 104.99 79.83 79.25 63.59 
30 12 1381.39 129.17 125.25 130.48 109.70 104.50 92.25 78.81 


= 
Hw 


6 16 51.12 49.52 81.47 63.89 41.18 ~- 39.95 32.35 32.51 
Alfalfa 18 AG 169384  Avi4s UST .08 se 162.78 121.381 115.05 107.07 
30 18 220.72 224.84 229.09 220.81 177.98 174.58 139.73 136.13 
6 19 26.33 26.63 34.86 28.90 19.18 21.51 23.70 19.88 
Wheat 18 21 44.27 34.09 37.16 29.10 36.40 36.29 35.79 25.68 
30 20 94.35 83.42 75.54 74.90 72.49 69.16 61.26 50.27 
6 24 15.17 25.00 23.04 21.31 19.10 15.37 16.22 13.02 
Fallow 18 23 44.73 44,32 40.76 37.00 36.69 38.91 29.40 29.09 
30 22 69.31 69.69 57.14 62.78 58.21 40.83 47.98 38.32 
6 25 28.82 34.09 36.78 45.63 29.01 34.57 30.87 21.84 
Clover 18 26 87.15 CRAM) pire 84.72 70.19 57.30 58.50 61.19 
30 27 117.00 123.23 116.66 107.14 98.56 79.84 71.15 66.49 


Air 3.82 3.83 8.49 12.16 10.22 917 9.22 12.22 
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TABLE 43—Continued 
th 1926 Dates of collection of samples ; : 
Gree Inshes No. 10/19 W0/2T | s10/ 41/42 41/08 1i/o4 Seiya 
6 1 2519) 26.21 37.20 41.02 29.21 36.35 35.88 27.09 
Alfalfa 18 2 85.40 70.14 TO .pk 74.80 75.64 68.50 64.13 54.89 
30 3 80.77 88.10 66.29 65.78 61.43 53.68 61.81 60.14 
6 6 19.76 15.96 13.80 15.78 12.37 13.60 PSeno 10.01 
Fallow 18 5 33.44 32.74 27.59 18.77 17.85 19.65 27.80 21.60 
30 4 57.78 51.45 42.91 36.04 36.94 35.11 30.84 29.72 
6 8 1 OS Wee Se 13.98 12.77 9.87 10.01 
Wheat 18 i 28.11 27.98 18.38 21.15 22.13 22.56 16.75 15.40 
30 9 56.92 46.58 39.80 27.48 23.27 21.01 29.57 28.80 
6 10 2296 30.90 27.88 33.90 23.64 23.26 25.76 19769 
Clover 18 il 67.67 60.16 51.03 51.99 51.88 50.34 54.59 47.59 
30 12 89.73 83.48 60.25 59.43 57.65 bat 55.61 50.16 
6 16 29.78 29.51 29.34 42.13 38.61 33.45 31.42 29.63 
Alfalfa 18 Ally 98.42 100.18 80.26 90.49 85.07 82.27 82.68 TTLE 
30 18 126.58 125.98 101.02 107.36 108.27 101.45 94.55 85.80 
6 19 18.23 20.99 16.18 17.63 14.71 15.45 15.72 U7 
Wheat 18 21 32.65 33.41 83.17 24.43 15.50 15.43 3.86 23.29 
30 20 58.50 58.28 38.57 36.76 22.48 23.92 23.50 28.75 
6 24 LS.79 LI6L 17.03 12.98 10.85 12.31 10.81 9.31 
Fallow 18 23 22.98 27.11 16.26 19.85 19.37 15.80 18.53 17.08 
30 22 30.39 31.03 22.45 22.91 27.13 25.45 25.41 24.84 
6 25 21.46 23.21 28.98 28.53 27.11 28.45 17.75 16.30 
Clover 18 26 66.31 61.43 40.42 39.60 42.28 43.77 40.92 40.03 
30 27 70.53 64.10 48.45 53.31 53.47 52.69 54.07 44.25 
Air 12.65 8.50 9.24 4.59 6.20 7.67 8.49 8.54 
Depth 1926 1927 Dates of collection of samples 
Crop Inches No. 12/20 12/27 1/5 1/12 1/20 1/28 2/4 
6 1 32.80 27.65 26.34 56.51 54.03 62.43 43.34 
Alfalfa 18 2 45.70 40.65 49.60 G6:5 Sie ee eres 68.94 
30 3 46.43 41.37 48.78 63.97 72.54 74.51 47.73 
6 6 12.30 10.93 12.27 7.80 10.86 12.95 DIN 5 
Fallow 18 5 19,79) 20.29 21.32 21.83 22.49 22.84 19.69 
30 4 28.93 24.41 21.29 27.29 31.42 33.12 28.00 
6 By yy Se Se eer ae Ne A ar ee ee eee ene ae 
Wheat 18 7 17.47 Loo 17.73 15290 16.30 18.26 25.20 
Ch 9  %) 28.11 27.32 27.57 31.78 86.15 34.24 24.02 
6 10 18.98 15.67 21.43 25.34 29.26 39.17 32.34 
Clover 18 LY 40.25 33.65 38.27 38.98 48.34 61.58 45.66 
30 12 50.14 42.11 44.78 41.65 51.75 54.34 44.09 
6 16 31.14 27.29 37.07 57.62 59.79 58.58 47.56 
Alfalfa 18 17 60.73 61.08 70.08 70.49 85.95 85.75 68.41 
30 18 73.94 70.80 70.03 76.41 84.31 84.82 83.81 
6 19 16.64 13.23 12.79 23.78 23.98 22.90 13.83 
Wheat 18 21 21.18 23.03 22.88 23.02 27,20 27.46 24.59 
30 20 24.21 23.34 22.89 26.09 34.96 33.60 24.93 
6 PY a Ree iy aN ee, 20.73 14.36 9.14 9.211 
Fallow 18 23 17,39 18.41 19.05 20.14 19.41 21.35 23.04 
30 22 23.43 23.01 22.88 22.2 27.56 22,87 19.21 
6 25 17.41 16.48 19.06 27.64 23.27 42.15 26.07 
Clover 18 26 37.58 28.36 37.36 38.38 38.33 49.78 $6. 
30 27 43.23 31.04 40.38 36.81 42.44 47.40 40.77 
Air 7.58 11.50 16.60 6.14 (ene 4.59 8.92 
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TABLE 43—Continued 


Depth 1927 Dates of collection of samples 
Crop Inches No. 2/11 2/18 2/25 3/5 3/14 3/23 
6 1 31.69 34.35 24.00 26.14 27.75 22.48 
Alfalfa 18 2 48.87 49.53 49.44 46.87 42.98 39.55 
30 3 54.50 51.65 50.05 46.04 46.82 42.98 
6 6 11.41 8.38 7.68 5:37 5.28 5.40 
Fallow 18 5 19.82 18.99 18.43 18.41 16.97 10.43 
30 4 30.11 29.62 25.36 25.31 21.88 11.62 
6 cao ©) peeesier ere ae ee, 7.68 9708 ties 
Wheat 18 x4 18.38 19.03 19.96 12.69 14.31 13.89 
30 9 20.29 22.45 Beant 19.18 18.80 19.27 
6 10 24.49 23.19 23.08 25.68 22.55 - 16.95 
Clover 18 11 41.33 41.03 36.60 32.82 32.84 29.28 
30 12 51.48 50.91 42.05 38.48 37.73 31.24 
6 16 40.56 32.65 26.18 ee) 30.24 21.22 
Alfalfa 18 17 67.13 60.45 54.17 53.63 53.65 38.60 
30 18 41.29 (eal) 59.63 58.95 52.92 49.28 
6 19 13.66 17.98 14.04 0. 12.85 11.46 
Wheat 18 21 20.48 22.54 20.69 20.71 15.48 11.45 
30 20 25.04 30.48 29.25 26.41 26.66 19.07 
6 24 11.36 13.06 12.60 9.74 Oral! 6.08 
Fallow 18 23 21.58 22.29 20.68 16.88 14.44 12.20 
30 22 18.92 15.04 15.61 15.00 17.50 14,12 
6 25 24.96 22.99 21.98 17.61 13.69 O35 
Clover 18 26 36.35 34.33 38.04 36.72 38.02 26.46 
30 27 41.56 35.45 35.26 35.23 36.48 Bulag 
Air 5.30 7.62 4.70 6.59 7.98 3.40 
Depth 1927 Dates of collection of samples 
Crop. Inches No. 3/30 4/8 4/15 4/23 ae 5/10 
6 1 28.92 32.61 28.23 47.29 55.28 56.15 
Alfalfa 18 2 51.08 82.92 73.30 99.09 156.44 99.70 
30 3 45.49 54.97 49.53 87.56 132.04 | 122.56 
6 6 7.48 12.40 8.24 17.52 22.59 17.56 
Fallow 18 5 13.09 14.32 12.37 26.91 27.11 23.00 
30 4 13.46 19.30 20.24 33.57 38.43 37.18 
6 8 5.99 12.24 9.06 11.42 20.28 17.56 
Wheat 18 7 12.71 18.01 16.87 30.44 36.15 30.54 
30 9 18.72 23.96 18.89 38.47 38.22 38.21 
6 10 26.46 27.66 21.17 40.63 53.00 50.38 
Clover 18 11 30.42 58.23 35.88 58.10 84.04 77.26 
30 12 Borel 44.80 34.62 58.51 72.58 73.25 
6 16 29.04 28.30 28.58 65.40 62.53 52.13 
Alfalfa 18 A 68.47 82.33 58.60 91.20 127.81 108.45 
30 18 70.75 78.14 62.85 83.382 121.46 122.43 
6 19 18.63 17.43 13.47 15.94 23.93 20.57 
Wheat 18 21 14.42 20.46 16.98 24.63 32.06 81.21 
30 20 19.75 26.42 24.67 28.86 43.68 35.04 
6 24 9.08 7.59 9.23 10.19 20.42 13.41 
Fallow 18 23 12/13 13.71 LONE 12.85 27.66 22.68 
30 22 16.68 21.21 25.08 27.24 26.56 25.14 
6 25 18.92 20.46 14.62 19370 49.14 37.94 
Clover 18 26 37.90 43.12 46,12 51.88 70.92 65.88 
30 Pak 45.45 43.91 44.58 49.21 70.83 leas 


Air 3.81 6.81 7.31 10.60 Or 6.11 
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TABLE 43—Continued 


IRRIGATED 
Depth “1927 Dates of collection of samples 
Crop Inches No. 5/16 0/23 5/ oul 6/6 6/13 6/20 
6 1 56.55 34.26 49.21 100.16 ATS oS 108.90 
Alfalfa 18 2 124.33 108.92 125.37 213.01 277.82 258.33 
30 3 142,92 PB) 134.61 154.22 220.12 235.60 
6 6 17.44 19.04 alta 23a LO 21.01 20.88 
Fallow 18 5 22.01 44,91 34.48 41.17 31.413 31.74 
30 4 41.30 45.67 43.63 55.44 58.62 47.20 
6 8 Dynes 29,39 24.39 83.44 24.87 30.88 
Corn 18 a 39.5 a7 36.34 25.59 33.08 40.03 47.50 
30 9 34.02 46.90 DLO 41.51 Dios 48.96 
50 45.36 40.80 85.86 130.65 84.17 85.15 
Clover 18 2Ge 83.04 81.56 175.30 202.30 231.48 204.88 
30 12 86.79 98.86 135.82 170.88 9226.69 214.85 
NOT IRRIGATED 
6 16 52.81 41.78 39.60 (OES 58.24 59.41 
Alfalfa 18 Ur) 118.11 110.21 115.42 118.89 119.18 127.26 
30 18 141.99 139.00 141.01 145.67 172.85 157.29 


6 ag 26.93 18.01 19.28 Bema 20.72 21.65 
Corn 18 21 30.54 34.37 32.28 33.48 44.07 43.27 
30 20 38.88 39.02 42.36 46.02 41.31 43.27 
6 24 11227 14.49 eS o 22.02 20.10 15.41 
Fallow 18 23 23,22 25.16 80.29) 23.18 26.44 30.83 
30 22 32.88 29.36 37.24 36.33 ef (eras 38.63 
6 25 38.96 29.04 dL.6L Bulb 38.51 3TT5, 
Clover 18 26 79.04 $6.52 87.62 97.42 91.36 90.77 
30 27 82.32 86.85 93.67 98.36 96.90 97.70 

Air 7.24 0 SPL 6.92 9.23 i. 

IRRIGATHD 
Depth 1927 - Dates of collection of samples 

Crop Inches No. 6/27 7/5 eee 7/18 1/26 8/1 
6 125.87 100.36 144.15 Lb 8e 5 13 Oe 174.10 
Alfalfa 18 2 226.65 165.98 280.13 al6.24 290.00 270.10 
30 3 221.56 166.62 242.63 258.02 235.06 225.34 
; 6 6 22.85 20.01 Pilko 28.48 24.58 35.638 
Fallow 18 5 43.81 48.24 53.39 52.41 Sasa Art 48.86 
30 4 54.17 72.65 66.44 67.44 69.91 85.51 
6 8 30.48 28.84 50.79 72.94 8Ll.01 85.19 
Corn 18 ft 45.64 62.29 70.89 94.65 86.33 ere) 
30 9 48.00 58.40 13.35 83.68 88.92 132.44 
6 10 73.387 41.50 118.37 98.98 Govan O9ets 


Clover 18 Hal 180.70 126.38 170.41 248.79 191-98 162.65 
30 12 185.38 149.84 177.28 224.24 197.29 298797. 


Jan., 1930 EFFECTS OF CLOVER AND ALFALFA IN ROTATION 115 


TABLE 438—Continued 


NOT IRRIGATED 


Depth 1927 Dates of collection of samples 
Crop Inches No. 6/27 T/5 evan 7/18 1/25 8/1 
6 16 65.02 44.338 42.34 57.47 53.26 83.99 


Alfalfa 18 aby 123.93 121.04 112.20 131.24 114.91 139.26 
30 18 149.17 143.31 150.64 160.91 151.74 162.38 


6 19 13.78 19.26 22.84 27.55 37.52 58.27 
Corn 18 21 48.55 62.32 67.16 75.78 76.58 107.45 
30 2 58.66 59.26 70.38 82.71 92.94 107.36 
6 24 15.49 19.27 19.82 22.18 18.01 16.98 
Fallow 18 23 34.88 35.47 44.97 46.69 45.16 37.88 
30 22 40.32 51.55 55.31 bowl 53.64 54.09 
6 25 38.63 19.25 19.90 29.82 30.68 27.78 
Clover 18 26 85.76 73.90 71.94 82.97 66.72 92.51 
30 27 91.16 92.37 83.81 101.49 85.77 86.23 
Air 7.70 7.65 7.68 13.83 10.01 
IRRIGATED 
Depth 1927 Dates of Collection of amples 
Crop Inches No. 8/8 8/15 8/22 8/29 9/6 9/12 
6 ub 182.75 204.28 139.04 156 99277. 92.63 
Alfalfa 18 2 298.56 248.07 244.01 209.17 195.84 194.38 
30 3 224.31 200.92 197.05 160.52 153.30 194.16 
6 6 34.04 21.14 19.30 18.44 18.40 40.62 
Fallow 18 5 52.64 38.47 40.93 39.99 44.51 47.83 
30 4 85.16 82.37 Soe, 80.94 80.58 Tove 
6 8 60.00 66.00 63.93 38.64 SUD 67.69 
Corn 18 7 107.22 91.69 73.29 94.41 95.08 81.68 
30 9 131.53 128.09 116.76 123,39 422,62 119.16 


6 10 93.13 78.62 53.74 64.02 53.19 102.70 
Clover 18 11 165.46 169.11 170.92 151.82 .146.94 155.45 
30 12 212.56 192.79 157.64 173.88 169.84 184.21 


NOT IRRIGATED UNTIL AUGUST 9 


“60m 206 101.93 132.08 83.21 77.87 61.99 116.14 
Alfalfa 18 17 156.89 185.11 247.17 285.24 229.52 173.44 
30 18 162.36 202.03 244.08 288.34 283.35 224.10 


6 19 47.63 67.66 38.81 33.96 32.91 50.31 

Corn 18 21 81.27 98.90 96.10 96.32 77.49 73.41 
30 20 103.36 105.89 119.35 115.65 113.92 119.90 

6 24 17.42 13.99 10.79 15.05 16.69 24.31 

Fallow 18 23 36.30 31.09 27.76 33.51 28.86 34.75 


AN hy 47.92 40.40 50.37 48.54 50.19 47.91 
6 25 42.08 91.67 48.93 35.79 34.90 94.82 


Clover 18 26 81.48 117.838 125.13 119.27 87.11 114,02 
30 20 86.08 114.96 148.54 133.89 117.40 123.27 


Air 6.14 8.54 7.72 soa) meee, oss 2 
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The graphs show in a striking manner the variations in 
the amount of carbon dioxid due to temperature and moisture 
during the development of the plants, also the change at ma- 
turity. These facts go far toward explaining observations made 
by ranchmen on the different effects of irrigation when applied 
only a few days, possibly hours, apart. The following instance 
was presented to me for an explanation: 


A potato-grower was irrigating his field of potatoes but 
could not finish it before night. He was entitled to a good run 
of water and did not think there was any urgency requiring 
night irrigation, so he shut off the water and finished the task 
the next day. He asserted that the portion irrigated the second 
day was outdistanced both in growth and yield by that irrigated 
the first day. 


Some years ago the writer observed an oat field a part of 
which received some water one night due to the clogging of a 
lateral than ran beside it. This water was turned off the next 
morning. The whole field was irrigated a few days later. That 
portion that received the accidental night wetting grew rapidly 
and made a fine crop; one could at all times after that recognize 
all the irregularities in the boundary of this wetted portion. 
The rest of the field never recovered. 


Our wheat in June, 1926, was subjected to a period of 
warm, dry weather. The carbon dioxid in the soil air under 
the wheat on 21 June averaged, for the three lysimeters, 129.2 
parts per 10,000; by 6 July the average had fallen to 79.0 parts. 
There is no note to the effect that the wheat showed any indi- 
cation of a lack of water, but the plots were irrigated on 6 July 
and the carbon dioxid increased immediately and continued to do 
so, till on 13 July there was an average of 130.2 parts per 
10,000. The plants had ceased growing but on the application 
of water they resumed their vegetative functions and practical- 
ly doubled the amount of carbon dioxid in the soil in 7 days. 
A very light rainfall between 21 June and 6 July would have 
changed our results. On the other hand had we delayed the ir- 
rigating for a few days it is very doubtful whether the plants 
would have been able to respond. This as in the cases of the 
potatoes and oats, was the critical point in the development of 
the crop. 


There is a practical side of this, to wit, if the development 
of the carbon dioxid were followed and found to be falling be- 
fore the plants were fully developed it would indicate an abate- 
ment or falling off in the development of the plant and show a 
need of immediate irrigation. In other words an abundant and 
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continuous development of carbon dioxid indicates a vigorously 
growing plant and this will continue until the plant is ready to 
ripen or is mature. At this point the carbon dioxid will begin 
to fall. If the plant is otherwise healthy and well fed and this 
development of carbon dioxid is interrupted it shows decidedly 
the need of water. The water supply and the tempreature are 
the two factors controlling the evolution of the carbon dioxid; 
these control the growth of healthy, well-fed plants. We cannot 
control the temperatures on a large scale but under irrigation 
we can control the water supply. 

By following the amount of carbon dioxid in the soil we 
would be able to ascertain when our crops imperatively require 
irrigation. Our wheat on 6 July, 1926, was in serious danger for 
it had practically stopped growing and had we not irrigated 
it the crop would have been cut short; but irrigation after this 
date was not needed. The next time that the carbon dioxid fell 
the plants were maturing and irrigation would have been use- 
less, even ill advised. 


This land will be studied further to see how it comports 
itself under cropping to wheat and fallow cultivation. 


SUMMARY 
ORIGINAL CONDITIONS 


Nitrate of soda applied to the land experimented with at 
the rate of 250 pounds per acre was injurious to a wheat crop. 
Phosphoric acid and potash applied in large quantities did not 
produce any perceptibly beneficial results. According to these 
results the land was capable of producing maximum crops with- 
out the addition of the usual fertilizers. 

Interpretations relative to productiveness cannot be based 
on aqueous extracts of these soils. They ustially contain potash, 
for instance, which has been brought into solution by the pro- 
cess of extraction. Phosphoric acid is seldom reported as pres- 
ent in them; sometimes it is reported as absent. 

In the production of wheat, potash tends to bring about 
mealiness, the nitrates flintiness, while phosphoric acid does 
not seem to have any direct influence upon these characteristics 
of the crop. 


GENERAL BASIS FoR THIS STUDY 


This study is based upon the generally observed beneficia! 
effects of clover and alfalfa in a rotation and to a less extent 
upon those of wheat. Alfalfa is considered our principal forage 
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crop. We do not attempt to estimate the mechanical effects of 
an alfalfa crop. A good stand varies from 225,000 to 525,000 
plants to the acre but fewer plants will produce fully as good 
a crop of hay. In our soils the roots will average .5 inch in dia- 
meter and 7.5 feet long. We have seldom found them less than 
6 feet, but often 10 to 12 feet long. We make no effort to estimate 
what the purely mechanical effects of such a stand and mass of 
plants may be. 


GREEN CROPS PRODUCE AT LEAST FoUR-FIFTHS CARBON DIOXID 
IN SOIL 


The carbon dioxid in the soil atmosphere is partly due to 
the soil population other than the growing crop, but the clover, 
alfalfa and other crops observed produce four or five times 
as much. Some members of the soil population may use this 
carbon dioxid but our green plants seek their supply in the at- 
mosphere. 


ROTATION ADDS No PLANT Foop 

The object of rotation is to increase the productivity of 
the land. The addition of fertilizers is for the same purpose; 
the latter actually add plant foods to the soil. A rotation of 
crops cannot do this directly. If the crop in rotation uses the 
nitrogen of the atmosphere in building its nitrogenous com- 
pounds, then there may be an addition of nitrogen. This is not 
true of phosphoric acid or potash. The crops get their supply of 
these from the soil and at the most can only change the form 
in which they are present in the soil. 

Wheat does not take its nitrogen from the air and any 
benefit resulting from this as a member of a rotation must be 
produced in some other way. We record an exceptional but 
instructive instance in which it produced very good results. Al- 
falfa produced the same kind of results in a greater degree. 
Alfalfa is a heavy feeder and the crop is not returned to the 
soil—only about one-fifth of it, which is lost in hay making. 
Nitrogen is different from potash in that it is a variable quan- 
tity whereas the total quantity of potash in a soil may be dimin- 
ished but not increased by natural processes. This is also true 
of phosphoric acid. We may change these from insoluble to 
soluble forms but we cannot add them by any rotation of 
crops. 


QUESTIONS INVOLVED 


The questions involved in this study are: The effects of 
a rotation on the mechanical and sanitary conditions of the soil; 
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its relation to the total and nitric nitrogen; its relation to the 
available potash in the soil. 

These cover the scope of this study. The phosphoric acid 
has not been included except incidentally. The first subject, the 
mechanical and sanitary conditions of the soil, is of great, 
perhaps, the greatest importance, but we have been compelled to 
stress the second and third. 


CARBON DIOXID AND WATER A GOOD SOLVENT 


It is an old assumption that plants bring their mineral 
foods into solution by acid excretions. They excrete large quan- 
tities of carbon dioxid, soluble in water with the formation of 
carbonic acid which is capable of effecting this object. We used, 
experimentally, finely ground felspar. Observations have been 
made also on the soil. 


TiILTH MUST BE OUR MEASURE OF MECHANICAL EFFECTS 


Under the subject of sanitary conditions we shall study 
the fixing and nitrifying efficiency of the soil before and after 
plowing under the crops. Further than this we shall not be 
able to go. We have no measure at all of the mechanical condi- 
tion. These two features are of the greatest importance but of 
the latter we must be content with our judgment of good tilth, 
etc. Beyond this we have to rely upon analytical results which 
are satisfactory as far as they go. 


FERTILITY OF THE SOIL 


The productive power of this soil is good. Measured by its 
yield of wheat, which is from 40 to 65 bushels per acre, all forms 
of plant food are reasonably abundant. The quality of the 
grain produced judged from the standard of flintiness, is good, 
but better after a year’s fallow than when planted after grain, 
wheat or oats. These points give an intimation of the supply 
of nitrogen as well as of other crop requirements. 


ACCUMULATION OF NITROGEN DOUBTFUL 


The accumulation of nitrogen in alfalfa land is not large 
enough in a 4-year period to answer decisively the question of 
increase. We do not know what the actual nitrogen content of the 
4-year-old alfalfa field was when it was laid down to alfalfa 
but the land had been used as a horse run for 10 or 15 years be- 
fore that. The differences in percentages are so small and the 
variations in nitrogen content of samples are so great even in 
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such as have been taken with great care, that one fears to use 
averages as indicating the real amounts of nitrogen in different 
plots of ground in comparatively small tracts of level land. In 
the case of our alfalfa land we are almost compelled to do this. 
The general average for the tract of land of which this alfalfa 
field forms a part is 0.1448 percent to a depth of 1 foot. The 
average of 150 samples taken to a depth of 1 foot was 0.1263 
percent, and of 60 samples taken in this alfalfa field to a like 
depth, it is 0.1825 percent. The difference between the last two 
averages in favor of the alfalfa field is so small that its value 
is doubtful. 

We compared a pair of alfalfa plots with a pair of fallow 
ones. A fallow plot was adjacent to each of the alfalfa 
plots. This was an attempt to get Jand as nearly the same as 
possible. At the beginning of our experiments there was a dif- 
ference of 0.0106 percent in favor of the alfalfa plots. At the 
end of 2 years we found a difference of 0.0143 in favor of the 
alfalfa or an-increase of 0.0037 percent. 

This again is too small to be satisfactory. Even the 0.0143 
percent without any allowance for the initial difference in favor 
of the alfalfa, would be of doubtful force in the general ques- 
tion for it is too small to account for the effects produced by such 
a rotation. 

All changes tending toward an increase in the total nitrogen 
are at or near the surface of the land. 


TOTAL NITROGEN IN LAND PLANTED TO DIFFERENT CROPS 


The range in the total nitrogen in land planted to different 
crops gave us corn (maize) 0.1275, sorghum 0.1244, winter 
wheat 0.1197, spring wheat 0.1333, spring wheat dressed with 
superphosphate 0.1456, and spring wheat dressed with potassic 
chlorid 0.1387 percent. The last figures suggest that non-nitro- 
genous fertilizers may affect the nitrogen content of the soil. 
We believe that it does by changing the soil conditions and en- 
couraging the development of micro-organisms. 


RELATIONS OF NITRIC NITROGEN 


The relations of nitric nitrogen are different from those 
of the total nitrogen. The average nitric nitrogen shown by 53 
samples from the alfalfa field taken 6 inches deep was seven 
parts per million. A like number of samples taken to the same 
depth from the fallow plots showed eleven parts per million, 
In the second 6 inches, 7 to 12 inches, it was two p. p. m. under 
the alfalfa and eight p. p. m in the fallow land. 
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NITRIFICATION Di#PRESSED BY CROPS 


The data given for the sodic nitrate equivalent to the nitric 
nitrogen found under wheat, show the relation of this crop 
to its formation. The soil’s ability to nitrify was not destroyed, 
but was depressed. It required the lapse of several months before 
the soil regained its nitrifying power. The effects on the nitro- 
gen-fixing efficiency was not studied in this connection but it 
has been proved that this soil ordinarily has a high fixing effi- 
ciency and it is probable that this is affected in the same sense 
that the nitrifying efficiency is affected, namely, that it is de- 
pressed during the growth of the crop but is not destroyed. 


THE SMALL AMOUNT OF NITROGEN ADDED BY ALFALFA NOT 
EASILY CHANGED 


The small amount of nitrogen added to the soil by alfalfa 
is not sufficient to be of much importance nor is its character 
such as to undergo changes or it probably would not show its 
presence as it would have disappeared in the form of nitrates. 


BENEFITS OF ALFALFA STATED 


We hold that the benefits accruing to a soil planted tc 
alfalfa are due to its mechanical and sanifying effects and to its 
production of large quantities of carbon dioxid throughout the 
season whereby the available potash in the soil is very percep- 
tibily increased. 


THE CHEMICAL EFFECTS OF A ROTATION 


The soils were studied from the standpoint of their chemical 
composition in an endeavor to ascertain what changes are ef- 
fected in this respect by the rotation. The preliminary experi- 
ments showed that growing plants, grasses and clover, kept 
the soil air and solutions charged with carbon dioxid. Experi- 
ments recorded in Bulletin 319 and others demonstrate that 
the mineral constituents of the soil containing potash, usually 
considered as non-participant in questions of soil fertility, yield 
relatively large amounts of potash to solutions of carbon dioxid. 
We considered it as practically demonstrated that this would be 
the action of crops upon the soil. Wheat keeps the soil flooded 
with carbon dioxid for a short time and uses a good deal of 
potash, apparently more than it sets free. Clover and alfalfa 
produce throughout the season almost as much carbon dioxid 
as wheat at its maximum and continue to produce some through- 
out the winter. While they are both heavy potash feeders they 
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do not use as much as they bring into solution. To ascertain 
this became a general purpose had in view. 


ABSORPTION COMPLEX IN OUR SOIL 


We further wished to find out whether a complex exists 
in our soil that will exchange its bases with ammonium chlorid, 
and the amount of these bases. The general composition of our 
soil was established by conventional methods. We have recorded 
the results obtained, but depend, for the most part, upon other 
methods for results to be used in our study. 


CALCAREOUS AGGREGATES 


The soils are calcerous, the subsoils strongly so. Much of 
the carbonate of lime is attached to the soil particles as films or 
incrustations and forms a good portion of the clay separated 
in the mechanical analysis. These separates show some points 
of interest on being treated with acetic acid and then with am- 
monium chlorid. The ammonium fixed increases rapidly with 
the fineness of the separates. 

The soil yields much potash to water on a short digestion 
and its degree of fineness plays a part in its replacement. re- 
actions. 

In examining these soils we used water, dilute hydrochloric 
acid, and dilute acetic acid as solvents. The hydrochioric acid 
when standardized and added only in slight excess of that re- 
quired to dissolve the calcic carbonate, can be used very well 
but acetic acid was used in preference. It is convenient in this 
connection to distinguish between aggregate and complex. The 
complex meaning that portion of the soil which contains bases 
replaceable by ammonium, is evidently a little more stable 
than the calcareous mass forming the aggregate even though 
it may be contained in it. There is much soluble potash in our 
soil that is not contained in the complex; for instance, the solu- 
ble potash in our fallow land was 703 p. p. m.; of this 324 p. p. 
m. were found in the ammonium chlorid solution, that is, it had 
been held in the complex whereas 379 had gone into solution 
in the acetic acid extract. It is true that the complex may have 
been altered by reactions between it and the acetates formed 
during the treatment with acetic acid, but we assume that 
these reactions did not materially affect the structure of this 
complex in which lime is the predominant base, representing 8 
or 10-milligram equivalents out of 13 which is about the aver- 
age milligram equivalent of the ammonium fixed by the soil. 
The ammonium-milligram equivalent is not affected by previous 


128 COLORADO EXPERIMENT STATION Bulletin 362 


treatment with dilute acid. While a continued treatment of the 
complex with a calcic-acetate solution might cause an exchange 
of potassium for calcium, a study of our results will show that 
we have no strong reason for supposing that such an exchange 
took place. 

In our case the aggregate is decidedly calcareous which 13 
shown, perhaps in an exaggerated degree, by the amount of 
lime in the clay portion of the mechanical analysis. More than 
half of the potassium exists in the aggregate and is dissolved 
when this is broken up or is exchanged for lime in the complex. 


THE COMPLEX AND AGGREGATE NOT THE SAME 


The aggregate and complex are separate forms in the soil. 
Treatment with dilute acids removes the salts in the aggregate 
but does not affect the complex, at least it does not affect the 
amount of ammonium fixed unless the acid is too strong when 
the complex is partially or wholly broken up. Careful treatment 
with dilute acid divides the soluble potassium into two portions, 
one representing very easily soluble potassium, probably not ex- 
isting in the complex and the other slightly less soluble and form- 
ing a part of the complex. The former is the larger portion in 
our soils. 


PHOSPHORIC ACID IN SOIL IS SOLUBLE 


The phosphoric acid goes into solution readily in dilute 
hydrochloric acid and is somewhat soluble in the acetate solu- 
tion. This does not agree with the statements that we find in 
regard to this subject. The phosphoric acid is soluble in acetic 
acid, also in water. In acetic acid solutions we found up to 60 
p. p. m. and in water 14 p. p. m. 

The phosphoric acid was only incidental to our subject, i. 
e.,.a study of how the nitrogen and potassium were affected 
by our rotation. We have summarized our observations on the 
total of these. The water-soluble potassium under the respec- 
tive crops was determined throughout the season of 1927. 


WATER-SOLUBLE POTASSIUM IN SoIL UNDER CROPS 


Our mountain waters which owe their mineral content to 
the action of natural waters on the mountain masses, for the 
most part naked rock, suggest that the same agents, carbon 
dioxid and water, will act in the same manner on the soil Dart 
cles, things distinct from the aggregates and complexes in the 
svil. We have dealt with the latter up to the present but we 
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change our point of view because we find our available supply 
of potash under the clover and alfalfa actually increased though 
these two crops are heavy users of this element. We find an in- 
crease of this in the aggregates themselves. The agents consid- 
ered are the felspar, the moisture, however maintained, and 
the carbon dioxid given out by the plants. 

In order to follow the water-soluble potash in the soil 
under the crops, we adopted a method suggested and used by the 
Bureau of Soils of the United States Department of Agriculture. 

Our preliminary results justified us in assuming the pres- 
ence of large quantities of carbon dioxid under the crops. We 
assumed that the water-soluble potash, or better, potassium, 
would bear a relation to the carbon dioxid in the soil atmos: 
phere. In the fallow there was a moderate supply, under the 
wheat a big supply for a little while, but under the clover and 
alfalfa a great deal all the while, even in the winter season. 
There was no crop on the fallow land to use up any potassium 
rendered soluble except the suil population. The wheat seems 
to have used more than the carvon dioxid set free. The clover 
and alfalfa used a great deal for the crop was good but there was 
an excess. The gain was 800 pounds of potash in the top 2 feet of 
soil in 2 years. This is equal to 1600 pounds of potassic sulfate. 


Two UNLOOKED-FOR EFFECTS 


The effects of plowing under the crops were surprising in 
two respects; both the carbon dioxid and the soluble potassium 
fell. The change in the amount of the carbon dioxid or carbonic 
acid in the soil may have affected the solubility of the potassium. 
We _ were careful about excluding this source of error in the 
water used for extraction. When carbonated water was used 
the potassium was quite readily soluble which suggested the 
statement just made, that the falling off in the amount of solu- 
ble potassium may have been due to the falling off in the car- 
von dioxid. Carbonated water dissolved more than twice as much 
as carbonic-acid-free, distilled water. 


EFFECT OF PLOWING UP THE CROPS ON NITRIC NITROGEN 


The amount of nitric nitrogen in the different plots imme- 
diately began to change after they were plowed. The greatest 
aggregate change was in the fallow for in this the change in- 
volved the whole 3 feet sampled whereas in the others the change 
was confined to the top 6 inches. The observation that the changes 
affecting the nitrogen is usually confined to a shallow top section 
has been made repeatedly. 
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ACTION OF CARBON DIOXID STATED 


The action of carbon dioxid and water on the soil particles 
is given in Part II of Bulletin 319 where it was shown that potas- 
sium is the mobile constituent in the soil as well as in the fels- 
par; this means that it is taken into solution in larger quantities 
than any other element. This statement does not include car- 
bonate of lime which dissolves freely but this fact does not alter 
the action of the potash minerals in the soil. 


The carbon dioxid in fallow land is much more abundant 
than in our atmosphere and varies within a moderate range. 
This is not so under cropped soils; the range is wide. 
The usual amount in our atmosphere is 0.03 to 0.04 percent; 
under wheat at its period of most vigorous growth it may be 
nearly a hundred times as much and almost as much under 
alfalfa for a long time. The amount varies with the stage of 
growth and the rate of development. The amount increases till 
‘the plant reaches maturity which is before the ripening period. 
In case of the wheat plant it continues downward as the ripen- 
ing proceeds, but in clover and alfalfa the succeeding growth 
interferes and a development of carbon dioxid is re-established, 
but even in these plants there is a period at the time of matura- 
tion when there is a falling off in the amvunt of carbon dioxid 
developed. Our practice is to cut the alfalfa at this period be- 
cause the plants are at their maximum and because the plants 
provide for a succeeding growth which starts at this time. The 
practice is based upon certain considerations of plant maturity 
and is in the main a wise one, when for any reason, and there 
are good reasons for cutting alfalfa earlier than is our usual 
practice, we change the time and extent of the variation of the 
carbon dioxid in the soil atmosphere. 


The constant increase of carbon dioxid in the soil under 
healthy, well-fed and watered plants is the natural result of 
development. When the plant reaches maturity and begins to 
ripen, the carbon dioxid begins to fall and continues to fall till 
it reaches the level of the fallow land. In the case of the clover 
and alfalfa the plants provide for their continued existence by 
producing new aerial parts, but up to this point they behave 
in the same manner as other plants. There are two things in our 
case that may interrupt this continuous increase, cold weather 
and a lack of water; the former we cannot, the latter we can 
control. Anything that impedes the growth of the plant is fol- 
lowed by a decrease in the carbon dioxid in the soil air and any 
such decrease during this period, not due to cold weather, indi- 
cates the need of irrigation and a critical point in the develop- 
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ment of the plant that may easily be passed and often is at this 
point. 

The effects of clover and alfalfa in a rotation are not to 
increase the nitrogen supply but to add to the supply of the 
water-soluble potassium and to improve the mechanical and 
sanitary conditions of the soil. They effect the former by main- 
taining an abundant supply of carbon dioxid in the soil air 
throughout their occupancy of it. 

Cultivating fallow is more effective in increasing the nitric 
nitrogen in the soil than either clover or alfalfa. It maintains 
a moderate, but, within certain limits, a constant supply of 
carbon dioxid in the soil air which brings potassium into solu- 
tion. But a very much smaller amount of carbon dioxid is main- 
tained in fallow than in clover or alfalfa land. 

The carbon dioxid is the effective agent in bringing the 
potassium into a soluble form. 
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